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DISTRIBUTION AND PRODUCTION O:B1 THE SIX PRINCIPAL CEREAL 0.ROPS. 

WHEAT. 

The acreage and crop of wheat in 1879 amounted to 35,430,052 acres, 459,479,505 bushels, the acreage being 
29.7 11er cent. of an the laml in cereals, and the product about 9.2 bushels per head of total population. 

The crop of 1879 is estimated by the United States Department of Agriculture to be, as a whole, about 7 per 
cent. greater than that of 1878, and 23 per ceut. greater than that of 1877. 'rhis refers to the aggregate production. 
The crop was by no means uniformly better even in the regions of its greatest production. In each of the twelve 
states which together producetl over 80 per cent. of the total product there were districts where the crop fell below 
that of average years, and over large portions of the South the year was not a favorable one for a fair yield. So 
that while, as a whole, the yield is better, there are many locn,lities where the capacity for wheat production in 
ordinary years is much better tha.u is indicated in the census tables. The production by states in the order of their 
production, with data i)ertaining the~eto, is seen in the following table: 

TABLE XXVIII.-WHEAT CROP OF 1879 (CENSUS OF 1880). 

\rer cent. Cnmul~ I Percent. Cumul~ 
No. States. .A.ere a. llnshels. of total tive per No. SW.tea. Acres. Bushels. of total tive per 

product. cent. product. cent. 

1 Illinois ....................... 3,218, 542 51, 110, 50Z 11.12 11.12 I 20 .AJabama ............... ...... 264, 971 1, 520, 057 o. 33 07. 95: 
2 Indiana .•....••••.•.•.•..•.... 2, 610, 695 47, 284, 853 10.29 21.<fl I 27 Colorado .....••.•.••••..•..•.. 64,6113 l, 425, 014 0.31 98. 20 
a Ohio ...................... : •.. 2, 556, 134 46, 014, 869 10. 01 31. 42 28 .A.rknn•&s ......... '. ........... 204, 131 1, 260, 780 o. 28 98. 54, 

4 Michigllll ..................... l,822, 749 35, 532, 543 7.73 30.15 29 Delaware ..................... 87, 539 1, 175, 272 o. 26 98. 80 

5 :Minnesom .................... 3, 044, 670 34, 601, 030 7. 53 46.08 ao Ut11h .......................... 72, 542 1, 169, 109 o. 25 09. 05 

6 Iowr. ..••••.•.....•.•..••••.... 3, OfO, 2SS 31, 154-, 205 6. 78 53.40 31 South Carolina ................ 170, 902 902, 358 0.21 90. 26 

7 California ..................... l, 832,429 29, 017, 707 6.32 59.78 u21 New Mo:dco .................. 5!,230 706,641 0.15 llll.U 

8 :Missouri ...................... 2, 074, 304 24,llOG, 627 5.43 65. 21 33 Maine ........................ 43, 829 665, 714 0.14 99. 55 
9 Wisconsin .................... l, 048, 160 24, &84, 689 5.42 70.0ll 34 Ii111ho ..................... , .•. 22, 066 M0,58\l 0.12 Ill!. 67 

lO Pennsylvllllln. ................. 1, 445, 884 10, 462, 405 4. 24 74. 871 35 Montano. ...................... 17, 665 469, 688 0.10 99, 77. 

·11 Knnsas ....................... l, 861, 402 17, 324, 141 a. 77 78. 64 , 30 Vermont ...................... 20, 748 337, 257 o. 07 ' 99.84 
12 Nebraska ..................... 1, 469, 805 lB, 847, 007 3. 01 81. 651137 Mississippi ................... 43, 524 218, 890 o. 05 09. 89 
13 New York .................... 736, 611 11, 587, 766 2.52 84.17 38 New Hl\mpshlre .............. 11, 248 1Q9, 316 0.04 99. 93 
14 Kentucky .................... 1, 160, 108 tl,356,113 2. 47 86. 64 I 39 A.rizona ...................... 9, 026 136,427 o.os oo. 06; 
16 :Maryland ..................... 569, 296 8, 004, 864 l. 74 88.88 4.0 Nevadn. ....................... B,674 69, 298 o. 02 99, 9S 

16 Virginin. ...................... 000,807 7, 822, 504 .1. 70 DO. 08 41 Connecticut ................... 2,198 as,742 

l' 
17 Oregon ....................... 445,977 7, 480, 010 1. 03 91.711 42 Massnchusetts ................ 963 15, 768 
18 Tennessee ..................... 1,196, 563 7, 331, 353 1. 60 9a.s1 I 43 District of Columbia ..•..•.••• 284 6, 402 
10 West Virginia. ................ UD3, 068 4, 001, 711 o. 87 94.18 44 Louisinni> ...................... 1,501 6, 034 

l 
0. 02 

" 
................ 

20 North Carol!nn. ................ 646,829 8, 307, 393 0.74 9~.92 45 'Vyomiug ..••.•••.•••••.••••. Ul 4, 074 

21 Georgia ....................... 475,684 a, 150, 771 6. 09 95.61 46 Florido. ....................... 81 422 
22 Dakota ....................... 265,298 2, 830, 289 0.62 OG.23 {7 Rhode Island ................. 17 240 
23 Texas ......................... 873,612 2, 567, 760 o. 56 96.70 

24 Washington .................. 81, 554 1, 021,322 0.42 07.21 Totnl .................... 35, 430, 052 459, 479, 505 
25 New Je·rsey ................... H9,760 1,991,7&9 o. 41 117.62 

It will be seen, from this table, that in the first ten states on the list (all of them large and populous), which· 
together produce about three-fourths of the entire crop, the yield per head of population in each one is over ten 
bushels. This production relative to population is much exceeded in some of the newer states, having a smaller 
total production, which consequently stands lower in a table of' this arrangement. 

The production of wheat, both absolute and per head of 11opulation, at previous decades, is given in the· 
following table: 

TABLE XXIX.-WHEAT-PRODUCTION PER HEAD. 

Crop yen.r. 
Bushels 

Bushels. per head of 
population; 

1879., .................. 41i9,470,505 0.2 
1800 .................... 287, 745, 626 7.'5 
1859 .................... 173, 10!, 924 5.6 
1840 .................... 100, 485, 9!1.4 4. a 

• l83!J .................... 84,823,272 5.0 



LECi¥.ND 

Less tJ,,,,, ~ eu.iAr.l pe.r arre alh!tcl tcrw 

lfotcl 

ito.'> 

uz, --- __ w_'-,~--------

M:\P OF THE ,. " "S 
-1-. E D s TA l E.. ... U N I . . -', , . N Br:nn:rn nu~ 

SJiOW!Nc.iTIH. Rl-.1.:\l Wi r E<' \T 
·u·c1r10N op vv H 1:,. 

PROD . ) .... "'\I ~HEA IN .-\f'.H!;S 
INBlJSHt:LS,\.NOJ!-[I. IOl .. 'ltheTentltCensu.~. (' iled froru fill:' Return~ nf Agncullmt a 

.-0mp rnao. ___ _ ___ _ 

n1 ---~---·----·-"----~----

-·---~----··-·-~a-:-----~~---~--- 91' 

~--~=~.....:::;:_~~~~===-- .tl!I 



DE'fAILED S'I'A'rEMEN'r OF CEREAL PRODUCTION. 61 

'.l'he remarkable fact here seen is not the great increo,se in the production, but the inorease per capita of 

l"tion notwithstanding· that during this period the country gained in population as no country ever did before. 
popu "' ' · · tl ·1 t' f l t · · 't· · In any country or d1s.tr1ct te proc nc 1011 o w 1m1 rn qnant1 ies more than sufficient for the population and as a 

. essful commercial product, fo regulated and eon trolled by a com1)licr1ted variety of conditions, each one of which 
succ l'ft' t l' t . t t . ·1 1 . . l'"" t T . . l'ffers in force in the ( 1 ·eren c is TIC s or conn rws, all( a so vanes m c i.ueren years. he chstricts differ among 
~~emselvcs iu the fertility of their soil, the ease with which they are tilletl, aclaptability to the use of labor-saviug 
macldnes, markets, facilities for trausporta~i?n, suitability of ulima,te, r?linbilit.Y of crop, prevailing diseases, insect 
enemie~, systems of land tenure, local trad1t10ns, and enstoms arnl sentnnents of the people. Some of these local 
liffereuces are lle1·rn~ment, others change slowly; i:,itill others clrnuge rapidly but continuously in one direction, and still 
~tilers are very inconstant, and fluctuate this way or that wny from year to year.. For example, the different seasons 
are unlike; the ravu.ges of iuseets are not tho sn,1110 in different yeitrs; clismises are more apt to prevail Home years 
than others· the 1mwlrnt price, which is lletcrminetl by the magnitude of the crop in those places which stand in 

' l' . competition, varies greu.tly. These and otlrnr cont it10ns more or less favornble are all of them factors in a very 
complicated problem. But in this country, and under our H;ystem of Ia.ml-tenure, the immediate commercfal 
importance of the wlle11t crop is pnwtically controlled h,y compitratively few conditions. Over most of the 
American wheat-growing region tlrn climate is rmtso1rnbly certain, and the tota,1 areit is so large thfLt droughts or 
other climatic mishaps, materially iI1jnring the crop in oue distrfot, never extend to the whole country, so that we 
may 8a.y that our controlling comlitions are, in atlllition to a snitablo climate, html of easy tillage, admitting the 
use of labor-saviug machines and facilities for trnnsporting the crop. vVe have a great vm'iety of soil sufficiently 
fertile for good crops, so far as merl\ cb.emienl fertility is coneemed, awl oYer much of the country a climate favorable 
for the protluction of graiiu of it good qualit.y where ;yet comparatively littlt' wheat is grown. This is partly because 
of unsolwid problems iu trmrnportation, partly due to distance of markets, partly to differences iu ease of cultivation, 
antl partly to the 'product.ion of other ulHl loeally mnro prolitable crops. The element of cheap land is not so 
important in practice as is popularly supposed. In the ten stittes in'oclucing threo-fomtlls of the crop tlte itvemge 
value of wheat lands, ns returned in the auswors to the spechtl schcdt1lo1 is over $30 per aere, much of it $li0, $GO, or 
$70 per acre, mmiy gmiu farm:> reaching $100 or more per acre. The ttggrcgate quantity of wheat grown on the 
new cheap lands is comparatively 1mu1ll com1mrcd with the wholo production o~ the country. · 

There is but little wheat land east of' tho Iludson rin•1·, i111cl altl10ugh New York and Penns.:ylvania. produce 
considcrallle wheat, the great bulk <if the whmtt com1trJ' lies west of those stn.tes, beyon~l the 77th mericlian and 
the .Appalachian chain of mountains aml north of tho Ohio river. It ii; a region possessing a fertile soil, but the 
physical character of the soil is more eha.racteristie than its chemical composition. The most of it is easily tilled; 
it is not obstructed with loose i·oeks or Htonos; is comi.111mtively level or but gent.ly rolling; is l)Ossessed of a 
climate which in average ;years hat'l snfilcient min clnring the growing season for the crop, and is hot and dry 
during the season of ripening and of lmrvestiug; so that, if the crop is actually grown, it is rare that it cannot be 
harvestecl in good condition. . 

The estimates of acreage awl of total producliion of wheat by the United States J;>epartment of Agriculture, 
for the years siricc the previous national census enumeration, aro as follows: 

'l'AnLm XXX.-ESTIMA'l'ED CHOPS. 
----------··-··----------~--------,--------.-----

Crop. Aoma. Ilushcla. Crop, Acres. Ilnshels. 
-------------------·-- "" ___________ , ______ -----

Tot.111 ct'op of 1880., ••••• 80, 037, OfiO 
Total crop of 1870 ••••••• 32, 045, 050 
Totul crop of 1878 •••••• 32, 108, 500 
Totnl crop of 1877 ••••••• 20,103,407 
Totnl crop of 1876 ••••••• 27, 027, 021 
Totnl crop 0£1875 •••• _ •• 20, 881, 512 

480, 840, 723 '.l'otnl crop of 1874 ••••••• 

448, 760, (J30 Toinl crop of 1878 ••••••• 

420, 122, 400 Totul crop of1872 ••••••. 

B<l51 00•1, 800 Totnl cwp of1871. •••••. 

280, 8501 GOO '.l'otal orop of 1870 ....... 

202, 130, 000 

·-----·--~·--~·-· ----·----·-~---·-----· .... 

24, 067, 027 
22, 171, 070 
20, 858, 850 
10, 048, 803 
18, 002, fiOl 

808, 102, 700 
281, 254, 700 
240, 997, 100 
230, 722, 400 
235, 884, 700 

The general progress in wheat production which has accom panicd the modern methods of culture, the uso of 
modern machinery and improved means of' transportation, is seen in the following tables of the twelve states 
leading in total production at each of tho decades at which the cereals were euume.rated: 

'l'ABLlc XXXI.-WHEA11 CHOP 01~ 1830 (CENSUS OJ!' 1840). 
=t==========;==-==-=-=-=-=··-··· 

No. State. .Amount of 
orop. 

Pm· cent. of Cnnmln.. 
totnl pro· tivo por No. 
cluotion. ount. 

Stnto. f Percent. of Onmuln-
Alnount o total pro· tivo per 

crop. duction. cont. 

-1------------1-----I--·-------- - -·------------·--·------1----1----
Ohio 
Pcnn~;~~~~i~. -.... · · • .. · • • · · · · • • · • · • · ................................. 
NewYorli; ................................... 

;::!~;:::::::·.:::::::: ::::::::: :::: 
Tcnneaaoe ....................................... 

B1111lwlB. 

10, 571, 001 
13, 2rn, 077 
12, 280, 418 
10, 109,710 

4, soa, 152 

4, 6-09,002 

20 

10 

14 
12 
6 

6 

20 

so 
50 

62 

08 

711 

7 Jndinnn.; .......................... .. 
8 M:nrylll.Jld .•...••..• _ ............... . 
9 lllinois ..•..•.. -..•..•..•..•...•..•.. 

10 M.iol1igrm ........•.• - ..••••......... 

11 Nol'th Carolina·········-····-······ 
12 Georgia .. · ......................... .. 

Bu:$liel.i. 
4, 049, 375 
8, 345, 783 
3, 335, 303 

2, 157, 108 
1, 000, 805 

1, 801, 880 

4 
4 
B 

2 

2 

78 
82 
86 

89 
Dl 
pa 
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T.Anrn.XXXII.-WHEAT CROP OF 1849 (CENSUS OF 1850). 

No. State. 

~-!-~~~~~~~--~~ 

1

1 

Amount of 
crop. 

I J1ushela. 
'' 1 Pennsylvania........................ 15, 367, 091 

2 'Ohio . .• . .. .•.. .. . ... . . .. . • .• . . . . ••••.. 14, 487, 351 
B NewYor.k............................ lB,121,498 
4 Virginia ... • .. . • • . .. . • . . . • • . . . . . . • . . . . 11, 212, 016 
5 Illinois................................ 9, 414, 575 
o Indiana............................... 6, 214,458 

!'er cent. of 
total pro. 
duction. 

15 
14 
13 
11 
g 

6 

Curoufa-
1.ivo per 

cent. 
No. Stnte. 

15 7 Michigim ......................... .. 
29 8 Mttry Ian tl. ..•.......••••.•••••••.... 
42 9 Wisconsin .......•.••............•.. 
53 10 Missouri.. ......................... . 
62 ll Kentucky ......................... . 
68 12 North Carolina ..•.................. 

TAnLI!l XXXIII.-WllEAT CHOP OF 1859 (CENSUS OF 1860). 

State. Amount of l'er cent. of Cumnla-
total pro- tive por No. State. crop. duction. cent. 

JJmhels. 
23, 887, 023 14 14 7 Now York .......................... 

No.I 

-, I, .. , .... -------------------------------
2 Inilinna ............................. .. 16, 848, 207 10 24 8 Iowa ....•..••......••............... 
3 Wisconsin .••.....•...•.••••.•........ 15, 657, 458 83 9 Michigan ...•.•....••••....•........ 
4 Ohio ................................. . 15, 110, 047 9 42 10 Kentucky .......................... 
5 Virginia. ............................. . 13, 130, 977 8 50 11 Maryland ........................... 
6 Ponnsylvan!n .•...••..•. - ............ . 13, 042, 165 8 58 12 C11Ufornln .••••••••••••••••••.••.•••• 

TABLE XXXIV.-WHEAT CROP QF 1869 (CENSUS OF 1870). 

.A.mount of Per cent.of Cnmula-
tot.al pro- tivo per No. State. crop. duction. cont. 

No. Stn.te. 

·--"·----·" 
Bushela. 

1 llliuoie ............................... 30, 128, 405 10 10 7 Minnesota .......................... 
2 Iowa .................................. 29, 435, 692 10 20 8 C111ifornla .•.......••••.•..•.••••.... 
B Ohio .................................. 27, 882, 159 10 so 9 Michigan ........... · .••..•.......•.• 
4 Indiana. .•...•.•...•••.•••••....•••.••. 27, 747, 222 10 . 40 10 Missouri .......••••..•...•....•..... 
5 Wisconsin ..•...•.•••. ------·····---· 25, 006, 344 49 11 New York .......................... 
6 Pennsylvania ......................... 19, 072, 967 7 56 12 Virginfo ............................ 

~ 

.A.mount of l'e.roont .. of CumuJa. 
crop. total pro· tivo poi• ductiou, cent. 

---.. 
Bushels. 

4, 405, 889 72 
4, 404, 080 4 7B 
4, 280, 131 4 80 
2, 981, 052 83 
2, 142, 822 2 85 . 
2, 130, 102 2 87 

----== 
.A.mount of l'er cent. of Cumuli. 

CrOj). total pro· tivo ]ler 
ductlon. eent. 

J1ushels. 
8, 081, 105 5 61 
8, 449, 403 5 08 
8, 330, 368 5 73 
7, 394, 809 4 77 
6, 103, 480 4 81 
5, 928, 470 8 84 

.A.mount of l'er cont. of Cumuli. 
totiil pro- tivo per Cl'Op. dueiion. cont. 

Buahela. 
18, 866, 073 7 03 
16, 676, 702 69 
10, 265, 773 76 
14, 815, 926 5 BB 
12, 178, 462 4 84 

7, 398, 787 a Pr/ 

The distribution b:571atitncle shows that 58.2 per cent. is grown between the tbirty-eighth and forty-second 
degrees of latitude, and 83.1 per cent. of the whole production, or about five-sixths, between the thirty-seventh 
and the forty-fourth, the principal wheat-fields above 440 being the Red River region, in Dakota, in a portion of 
Oregon, and in ·washington, while the portion below the thirty-eighth degree embraces an important s11are of the 
wheat of Missouri, Kansas, and notably of California, and a somewhat considerable amount is found scattered over 
the states east of the :Mississippi river and south of the same parallel. The distrib~1tion oy topographical divisions 
(Table XVI, p. 11) shows that 125,501,556 bushels, or 27.3 per cent., is produced in what is called the prairie 
region. Next follows tJrn central region, producing 79,899,788 bushels more, or 17.4 per cent., and next the npper 
Mississippi belt, producing 43,983,600 bushels, or 9.6 per cent.; these three topographical divisions producing 54.3 
per cent. of the whole crop. 

Tlle tables of distribution according to drainage basins (Table XVII, pp.12, 13) show, of course, that the great 
wheat-fields of the continent are drained by the Mississippi, the separate basins of which are best seen by the 
tables themselves. 

The table of distribution by elevation (Table XVIII, p. 13) shows that 239,999,748 bushelS, or 52.2 per cent. of 
the crop, grow between 500 and 1,000 feet above the sea level, 118,059,847 bushels, or 25.7 per cent., between 1,000 
and 1,500 feet, and 53,211,980 bushels, or lJ.6 per cent., between 100 and 500 feet; tllat is, about 93.8 per cent. of 
the whole crop is produced at elevations below 1,500 feet. The most notable wbeat region lying on tbe upper verge 
of this or above it is that found on the plateau of eastern Oregon and Washington territory. 

While the successful cultivation of wheat in a commercial sense is determined by a complicated set of conditions, 
in an agricultural sense the matter is very much simpler. The yield and quality of the crop practically depend 
upon but ftye conditions: the climate, the soil, the variety cultivated, the method of cultivatiop, and the liability 
to destruction by insects. Even under poor cultivation and exemption from insect depredations, if tho other 
tliree conditions are favorable good crops of wheat of good quality may be very often grown, and in a good clima.te, 
and with a good variety of wheat, an excellent quality may be grown even where the soil is compa~atively poor. 
Tl1e yield may be small, but the grain itself will be good. 

442 
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A.s regards soils, we may sa.y in a general way tlw,t light clays and heavy loams are the best for wheat. On 
the one ba.nd very bea.~'Y clays often vr~dnce_ g?od .erops, both as _to yielcl ~nd as to quality; and on tile other hand 
the }jo·hter soils may yield a, good .q1tal~ty; .11; is snnply smaller m qua.ntlty. The best crops, however, come from 
ode~ately stiff soils, bnt any fertile so~l w1ll produce goo~l wheat if a.11 tlw other conditions are favorable. 

m Geologically considered, the i~ost of the wheat gro:vn 11.1 the United States is over the region of drift, but much 
of the wheat soil.has been so ~nod1~ed l~y .other geolo~·wal mfine11ces th~.t the geological factor is not an iniporfont 
one the essential character ';h1ch g1v~s it its valm~ bemg t:s largely pliyswal as chemical. Goocl wheat lands agree 
in t~is: that they are snfficientl3' r~llm? for rnit:u·1~l dramage, a,re :it the same time level enough to admit of the 
nse of field machinery, a,nd are ?asil.)'. till~<l,, adnntt;m~ tho use of light fiolll imIJlements in their tillage, and thus 
!lowing of a very la.rge prodnct10n oi: grnm m pro1wrtwn to tho amount of' human labor employed. The facility of 

;utting in the crop and harYcsting it is rettlly t11e controlliug condition in many localities; so much so tlrnt very 
important wheat regions, where some of the most speculative farming of the United States is practiced, is iu regions 
where the climatic condit.ions are such that th(\ average ;yield, one ;year with anotlwr, may be as low as ten bushels 
per acre. In such c1u:>es this low n,vcra.ge is usually due to climatic reasons rather than to rt lack-0f fertility in the soil, 
ancl in favorable years the yield nmy he very inueh htrger. '11ho ease of cnltivation, the facilities of gathering the crop, 
and its goocl qualities in fovoral>lo years, i11eite to tho hope that all years will be favorable, and in goocl years the 
profits are large. .11.1 color, i!1 tlt.e amount; of <·.Jn.~' contafoec1.' iu pl1ysical and in ohemical c1rnracters,, there is much 
difference in the cbflereut soils of the country. Some eontmn mnch vegetable m1ttter, others lint little. We ma.y 
say that the soils of all the more important wheat regions (Ro far as we have ehemical analyses) a TC rich in lime as 
well as in those other elements of' fortilit.y, such a_s potash a.nd phosphol'ie acid, which are. neeessary for a good crop 
and a good quality of gm.in. 

For commercial as well as for agrieultnml sneeess c1imate is an all-co11tro1li11g condition. v'Vheat is normally 
a winter anmml. For a goocl crop the seecl must germinate and the ;young pfant grow dnriug the cool a.nd 
moist part of the year, whieh season determines tltc uUimate density of growth on the ground, and consequently 
mostly determines the yield. It ripens in tho warmer and drier parts of the year, which season more largelr 
determines tbe qnaHty, phunptwss, and color of the grain. In climates with winters so col<l t.hat all vegetable 
growth is suspendecl we luwe two <lh;tiJwt classes of varieties, lrn°'n1, res1lectively, as spring and winter wheats. 
Throughout all the northern Rtates, from ocean to oceim, nn<l to some extent in those southern states which lie east 
of the great plains, these two classes of' varieties are very distinct ns regards tlieir culthriition, and to some extent 
also as regards their elrnmcters. In CaliJbrufa ancl in similar climates, as in Egypt, this distinction does not exist 
in respect to their cnltiva.tion, alt.hough the varieties irn.rtake more of the character of winter wlrnats than of spring, 
both in their mode of growth and in the eharacter of the :flour made from them. 

But in all climates and wlmtcver variety may lH) grown, tho crop mnst be sown ttnd have Us early growth 
in a cool part of the year. When,1; brmrnlws onl;,r at the gronu<l !t]J(l produces no more heads than stalks, 
ancl it only sends out those branches early iu its growth or during cool weitther, and when the growth is 
comparatively slow. The branching of whoat ( ca1lecl "tillering" in tho Old ·worl<1, nnd "stocking", "stooling," and 
''tillering" in different seetions of this) nmst t:tko pln.ee before tho plant attains any considerall1e height or it does 
not occur at all. IIence, in clinrntes lilrn those of:' tho northern and eastern states this takes pla~e mostly in the 
spring, and a cool, prolonged, arnl mther wot; Rpring is therefore best. for the nltin'iate ;riel<l of the crop; tl1e grain 
then stands heavier on the gromul. On the contrary, a warm, rather dr;y, mJlidly growing ancl early spring in those 
parts of the country diminishes the yield of wheat, bccanso of this habit of growth; there are then fewer stalks, 
and the heads are fewer. Consequently, when from the rnl,tnre of the sen.son or tho genernl climate of the region 
there is an undue tendency for the wheat to shoot up without sufficient branching, it is common to cheek the 
growth by pasturing· off the grain in the mtrly Rpring, as is a common praet.ice in man;y of the southern states. 

In a country of colcl winters,.for goocl crops it hi better that the grouml be continnonsly co>ercd witli snow. 
Bare ground, freezing and tlmwing, now exposed to col<l aJHl dry wiuds and iww to warm sunshine, is cxceeding·ly 
destrnctiYe to wheat. It "winter-kills" in two wn,:;'R: it mny 1:ie frozen to death by cold, dry winds, or, as is mom 
often the case, particularly on soils 1'ich in veg·etable matter, it ''heaves ont", and by the alternate freezing and 
tha~ing of the surface-soil the roots ar(\ lifted out of the soil and the yomig plant perishes. The means of' guarding 
agamst this or of lessening the danger wi11 ho spoken of later. 

·After the wheat comes in head more sun fa needed and less rain. Too much rain, particularly if accompa.nied 
with beat., induces rnst, mildew, and other diseases, and, on the othe.r hand, too clry winds shrink tl1e grain. 

The ideal elimate for wheat is one witih a Jong and ri1ther wet winter, with but lit;tle or no frost, prolonged into a 
?001 and rather wet spring, which gradually fades iuto a, warmer summer, the weather growing gradually drier as 
it ~rows wa,rrner, with only comparatively light rains after the blossoming of the crop, just ~nongh to bring the 
g~am to maturity, with abunclant sunshine antl rather dry air toward tl1e harv·est, hut without dry and scorching 
winds until the grain is fnlly ripe, and then hot. dry rainless weather until t1ie harvest is gathered. This ideal is 
nearer realized in the better years in Oa.Iifornia 't11ad in any other part of the United States, and it is there, in such 
years, that we find the greatest yields know. n to the country. . • 443 
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The quality of tlie grain is largely determined by the climate, a hot, dry, and sunny harvest-time being best· 
for wheat of the first grade. The berry is then brighter, and millers say the quality is better if the climate has been· 
reasoual>ly hot and dry before harvest. The wheat of sm_my climates, those of C~lifornia, Egypt, northern A.f'ricrt,,. 
aJ](l similar countries, has alway:;; ranked high for quality, and the statement 1s often made that the wlit>~it of' 
suell climates is also richer in gluten-that is, makes stronger flour-than the wheat of cooler climates. or this 
latter assertion I llntl 110 proof from the modern and fuller chemical analyses. The chemical composition depends. 
more upon the variety cultivated than upon either soil or climftte. The spring wheat of Dakota and l\liuuesota 
produces as stroug iionr as grain from a sunnier clim[tte. It is trne that certain varieties of very hard \\'heats 
only grnw iu l.wt

1 
dry climates. Such is said to be the case with the best macaroni wheats, and it is claimed that 

the macaroni wheats of California are equal to the best of' northern Africa or of southern Europe, and that the 
macaroni made from it in Snn Francisco is equal to the best Italian. But while, as a whole, the quantity of glnteu 
an<l the strength of the flour is determinecl more by the yariety of' wheat than by the climate or the soil, yet both 
of tllc latter ha:ve their iufl.nence on chemic~l composition. ..Although direct chemical evidence is lac.king, derived 
from a large uumher of chemical arn1ly1>es from sample8 chosen with this especial object in view, it is claimed that 
almntlance of phosphates in the soil.increases the quantity of gluten in the crop. The millers of western New 
York say tllat tile flour has grown 8tronger with the increase in the use of superphosphates in growing· wheat in 
that region, and the same has often been 8t~tte<l as a fact in English experience. 

The particufarly brig·ht character of American grain, however, depemls upon the climate, rather than upon the 
soil. The sunlly climate of the whole United States south and west of New England is favorable for this, and from the 
time of the first settlement of the colonies the brig-ht color of American grain, a8 compared with that of northern 
Europe, particularly that of Great Britain, has been remarked. ' 

The table of diHtribution accordillg to annual temperature (Table XIX, p. 14) shows that the grefLtest production 
is where the mean annual temperature is between 50° and 55°; 173,895,149 bushels, or 37.8 per cent., being grown 
in this belt, and 136,401,822, or :.m.7 per cent., where the mean annual temperature is between 45° n.nd 500. Adding 
these two, we see that 310,2!16,971 bushels, or 67.5 per cent., is grown where the mean annual temperature iP. 
between 450 aucl 550, Considered in respect to the midsummer or July temperature (Table XX, p. 14), which has. 
much to do with the ripening of the grain, our ·figures are of less interest in this crop, because over considerabl(} 
regious of the country the crop is already ripe before July begins, notably in California. But we find th<Lt 223,852,:371 
bu1>1iels, or 48.7 per cent., grows where tl..te mean temperature of Jnly is between 700 and 750, and 178,530,037 bushelst 
or 38.9 per cent., where the midsummer temperature is between 75° and 80°, or an aggregate of 87.6 per cent. where 
the July temperature is between 700 and soo, an<l. 97.3 per cent. where it is between 050 an<l. 850, While the ide11l 
climate for wheat is one of mild winters, and some of the most noted wheat regions of the world are where snow 
and frozen ground are lmknown or ver,y rare (as in Egypt, India, and California), nevertheless, most of the wheat 
of the world grows in regions of colcl winters. 

The table of distribution according to mean winter temperature (Table XXI, p. 15) shows that in this country 
46.G per cent. grows where the mean January temperature is between 200 and 300; 68.9 per cent. where it is below 
30°; ancl it is safe to say that 70 per cent. of the wheat crop of the country is grown where the average January 
temperature is b~low the freezing· point. This same condition marks most of the great wheat regions of the world. 

The wheat countries (which are also the countries of oats, barley, and rye) are where the summer season only 
is the growing season, and the comforts of winter must be provided for by forethought and labor, and hence they 
are also the countries of labor, industry, and enterprise, and where the highest civilization has been d.eveloped, the 
result being correlated to these climatic conditions. 

The table of distribution according to rainfall (Table XXII, p. 16) shows that 132,152,234 bushels, or 28.S 
per cent. of the crop, grows with an annual rainfall uf between 40 and 45 inehes; 62.7 per cent. where it is. 
between 35 aml 50 inches; and 92.4 per cent. where the annual rainfall is above 25 inches; although some important 
wheat regions, notably those of California, are where the mean annual rainfall is less than 25 inches. We have an 
explanation of this in the seasons at which the ·rains fall. The table of distribution according to the rainfall of the 
growing season (Table XXIII, p. 16) shows that 220,656,637 bushels, or 48 per cent. of the crop, grows where from 
20 to 25 inches of rain falls during this season, and 366,381,658 bushels, or 79. 7 per cent. where the rainfall. during 
the growing season is from 15 to 25 inches; 6.4 per cent. where it is below 15 inches ~nd only 1 per cent. where
it is less than 10 inches-a fact of much significance for great tracts of our count,ry. ' 

HISTORY OF WHEAT. 

Wheat has been known as the choicest and most desirable of bread-plants from the very earliest times. We· 
are alike ignorant of its origin and of its native countr,Y. It was lmown in ancient Egypt and Assyria, and is often· 
mentioned in the Old Testament. Egyptologists tell us that three thousu.nd yeai·s before Obrist (and some· 
say more), at the very beginning of definite history, wheat was the most important of the cereals the!:e cultivated. 
Numer~~~ pictures show us the methods and implements of cultivation and gathering. It was sown by hand~ 
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eel with a sickle, bonnd iuto sbeaNes, thrashed by the tramping of animals, ancl winnowed with a lu:ncl-fan or 
r~!el as wheat continued to l)(~ tren,tml iu other countries clown to the last part of the last century. It was 
8 

tJal1'' winter wheat, being sc>wn in antnurn, and, so far as specimens have come down to us along with mummies 
.essen J • 't' 't t i. • t l . 1 . . ud other objects of ant1qm .y, i nppears ·o uave ex1s ·ec m scvem vaneties, and was equal in character to the wheat 
.a f to-day. On this cereal was founc~ed the. wc:ilt\l m1d Jl~wer of the ancient Eg:nltlans, aml more laml was devoted 

1~0 it than to any otiler. ~J~o ease with wln~h it wa~ e~1lt1v~tccl ou tho rich alluvial soil, the abundant haiTcsts of 
grain and straw, the nutr1.t101~s cha~raeter of ~h~ gram 1t;self,y1e many "'.u.ys in which it was eaten, and finally, the 
wide commerce of wheat from the s~veml ports on the J\'Iech~err~nean, front one IJOrt on the Reel Sea, and by land 

er the isthmus, brought merchaudrne and money bank, makmg· rt, perhaps, the principal commeTCial product of the 
~le valley which brought the Egypt.fans iu contftet with otllllr peopl<~. The description of tho cultme of wheat 
.among the ancient Hebrews corresponds rn,tlH~:r dosc1y with that of the Egy11tians. That they cut it high, leaving 
much of the straw as stubble (tlte Hebrews m bondago ltad to gather stubble for straw); that it was generally 
formed into sheaves, and thrashed with animafa, are all shown iu numerous passages in the Old 'l'estament. 
Wheat was also an importmrt crop in rmciont Ass;yria; ancl ht those sunny c1imates tl1e grain proc1uce<l is still of 
.excellent quality, resembling that grown in OnUfomia. 

From those en,rl,y days in the world's history the nrnthods of wheat culture made no very considerable progress 
rtmtil tlie middle or last part of the lust ecntnry. In this age wheat htLE:\ great1y supplautecl the other bread 
·grains of previous ages. Ryo, buckwhe11t, barley, and oats brwe largel3r lost their place as bread grains among 
_people of our civilization, and the eha.ngc is rn,pidl:,~ going 011 in other countries. It is, i)erha1)s, about complete 
here and in Gret1t Britain. · 

With present metllods of production and tmnsportntion wheat travels much more than lmlf way around the 
·world, and the farmers of the n1lper Colmnllia, California, Dakota, Illinois, Russia, ancl India compete in the same 
1!larkets. The English laborer, who, thirt.~' yen.l's ago, ate l'ye bread, now buys his wheaten loaf, the gr!Lin for 
-which may have been grown in eith()r of t.hese widely distant regions. 

Y AIUETIES OF WHEAT. 

Wheat exists in countless varieties. During all the long history of its cultivation, under the influences already 
·det11iled, when speaking of varieties, in genoml, new kim1s have been forming, until now these are munberless, 
.differing so widely from eiieh other that botanists and formers a.like are not agreed as to what were originally 
tlifferent species to beg·in with mid what wen~ varieties ill(lnced by rna,n's cnltivat.ion . 

.All the many varioties of wl\t~nt, ns well as those of s11elt, 1iclong to the genus Triticwm, some botanists 
'believing that both wheat. ancl spelt constitute bnt Ollll species ; others, two (the wheat varieties constituting one 
ancl the spelt tho other); while still otltor writers have made three, four, fivo, seven, or even more species. It has 
'been lately advocated tlmt wheat origfonte<l in a plant still founcl growing· w'ilcl on the shores of the :Mediterranean 
.sea, the .lEgilops ovata., ancl certain exporimeuts in l!'rmrne appear to countenance this belief; but the matter is by 
:no means demonstrated, and it prolmhly will always i·mnain an unsolved problem. · 

Varieties of wheat are now praetfoa.lly i1111nmem1>fo. How many there are is not known, and probably never 
will be, because there is no stnuclm'd of 11gr(lomont fts to the amount of difference necessary to constitute a variety. 
'There are several collections nnmll(lring some htmdreds of varieties each. 

The extreme forms are very unlike; tltey differ in the size and shape a.iicl physical cl1aracter of the grain. Some 
11re long, some are short; some ltave thick bran mHl some thin; they are brown, red, amber, ancl white; some soft 
and starchy, others hard and flinty; some aro sown in tlrn fa.U, some in the s1lring; most of them have simple 
'beads, but some have branched hcltcls; they differ in their clrnmical composition, some containing more starch and 
·Others more gluten; some are hardier than others, and so on through all of their essential characters, and, as with 
the other cereals, new varieties are eoutinua11y originating m1Cl old varieties passing out of use. In the Old World 
.some varieties are grown only fpr straw for the makiug of hats and other plaited goods. , 

The whole profit of wheat-growing in any region depends upon the variety cultivatecl (there is 110 locality, no 
matter how favorable, that will profitably gi'OW all), and yet from the verym1iture of the case the whole nomenclature 

·• 0f varieties iti very vague, and, except in ~1 comparatively few cases, a nmne for a kind of wheat has but very little 
value. Because of the import.aneo of this it is the snbject of' continual experiment among practical farmers in each 
~llll.every wheat-growing l'ogion of the world, and every agriculttll'al college and experimental farm or, other 1mbUc 
institution having for its object the furtherance of agriculture, if situated in a wheat-growing region, devotes more 
·Or less study and care to this subject. But experiments made in one place have little immediate value in another, 
.altliough a number of series in the U uited States lrnve especial value upon the sttbject at large, i1otably those made 
at.the agricultural colleg·e in Miuhigan aud on the farms of the state uuiversiti0s of Ohio, Minnesota, Wisconsin, 
Mis~ouri, and California. l!Jxtended tables have been published, and the literature of the subject of va.rieties in tlto 
.a~ricultnral journals is very large. In answer to questions 18 ancl 19 in the s11.eciul scheclnle ("What va.rieties of 
,;

1nter ancl spring whei1t are most eommonly grown"~) the answers were sufficiently numerous bnt exceedi~g~y 
I ague. There were 153 names of varieties of winter wheat and 74 varieties of spriug wlieat returned, and 1 ~ I!! 
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known that a rturnber of popular varieties dicl not occur in this lisb. Moreover, the same variety i1a often 
returned under several names, and several varieties under the same name. Each investigation, wherever made, 
shows essentially this same fact: the nomenclature of varieties of whe&G cannot be depended upon; all is 
confusion. .A new variety is often well marked, but, as its cultivation spreads, cb"'ngcs occur in it in different 
localities. Soon prominent cultivators here and there add popuhtr descr~ptive adjP.Ctives to the name; otl1ers 
mistake the variety, or through ignorance distribute it under other names, until any and every variety that is widely 
cultivatetl comes soon to be known under many names, and a number of the varieties under the same name. The 
Fultz and Clawson Yarieties are reasonably well known and clmracterize<l, and yet each is known under a variety 
of names. Fife may have once been, but now we have so many Fifes that it hardly means anything. We hare 
the simple Fife, and Hard Fife, ancl Red Fife, and Scotch Fife, and White Fife, and Siberian Fife, and Minnesota 
Fife, and Canada Fife, and so on throug·h a long list of Fifes returned in the schedule. So, too, we have Olub; but 
also Big Club, Little Club, Chili Club, Canada Club, Sonora Clnb, Oregon Club, and so of any variety, like White 
Flint, which may have once had a definite meaning it has not now. The same may be said of Mediterranean, 
Black Sea, Odessa, and other popular well-known names used at the present time; they really have ceased to mean 
definite varieties, but mtller a group or class of varieties. 

Yet in practice the whole profit of wheat-growing in any locality depends upon the variety cultivated. The 
various agricultural colleges, in the experiments alluded to, have done what they could to bring order out of this 
confusion of names, and have been of much use in identifying such varieties as are locally cultivated, and classi~ring 
them and giving much information regarding their relative value where the special experiments are macle. They 
have also a gene.ral value because of the light they throw upon principles involved, but they bring out in a very 
strong light the fact that no empirical rules can be laid down as to the comparative excellence of varieties far away 
from the locality where the experiments are m·ade. The principles already stated regarding varieties of all cereals 
must be remembered. In wheat, as in the rest, no general rule can be given which will apply to all varieties as to 
either their value or their endurance. Some are exceedingly enduring; others change easily with time or with 
change of culture. Some varieties remain popular in the same region through many years; others are very 
profitable at first, but soon cease to be; and whether a variety is to be enduring and long continue to be a profitable 
one in an.v locality depends entirely upon the variety itself. There is no general law of' endurance of character or 
excellence; the economic value of each one in each place can only be determined by the experiment of ·actual use. 
Varieties that do well for a time and then do poorly must be discontinued, or again improved by special cultivation. 

The change in varieties, it must be remembered, occurs from a variety of causes. It may come because of a 
change in the conditions of the soil or in cultivation. Fashions change, the demands of market change, and other 
conditions change. Insects sometimes attack one variety more than another, and thus they increase wbere that 
variety is much grown, or diseases or mishaps of one kind and another may come and attack an old variety and 
demand that a new one be brought in its stead. ·· 

There is much discussion as to whether varieties of wheat tend to deteriorate or wear out naturally, and this 
has been the subject of much study and experiment. The best indications of science are, that they need not wear 
out or change materially if the same conditions which made them excellent are kept up. Varieties taken to 
a new place may not be eI1during in that place, but in some locality each variety may be maintained. In practice 
this is generally not clone in the regions of the largest production, and where wheat-growing is conducted on the 
largest scale. The preservation of the excellence of varieties turns mostly on the proper selection and preparation 

. of the seed and on careful cultivation, and neither of these is usually so carefully conducted on those farms 
where a large breadth is sown as on smaller farms. On far.ms of moderate si2;e seed-wheat is more often extra 
cleaned, sometimes hand-sifted, that all the smaller and imperfect grains may be taken out. It may undergo 
treatment to insure that only the proper kind of' seed is sown, but where the cultivation is carried on on a large 
scale it ahnost always happens that such care is not extended, and then, from the very nature of the case, the 
variety deteriorates, or at least the quality of the grain produced deteriorates. This happens in several ways. In 
the first place, less care in the selection and cleaning of seed is taken, and shriveled, shrunken, and imperfect as 
well as good grains are sown. It is like the stock-breeder breeding from the good and poor animals of bis flock 
indfocriminately; the breed is bred down. .Again, the crop itself is not so carefully tended where the :fields are 
very large. W eecls increase, an cl their seeds get mixed with the grain and injure its appeamnce and its grade. 
Moreover, different varieties of wheat are often mixed together, and the result of all this is that the grade of wheat 
produced under such circumstances lowers year by year. This is the story in any new wheat region; :first, pure 
wheat is sown, aml the quality and grade are most excellent, but U.eterioration comes on almost inevitably. I have 
made special investigations on this point, and the testimony is almost universal among millers, chambers of 
commerce, produce exchanges, and silinilar organizations that such deterioration has taken place largely because 
of' the carelessness of cultivation. In California there is still another cause, the volunteer or self-sown crop, the 
grade of which deteriorates. 

While populm·ly any deterioration is often attributed to the exhaustion of the soil in this country I think that it 
l ' . rns been more often actually due to the carelessness of cultivation and carelessness in the selection and pl'epamtwn 
of the seed than to soil exhaustion. It must be remembered that improved varieties are very artificial productions. 

446 



DETAILED STATEMENT OF CEREAL Pii.ODUCTION. G7 

There js nothjng like tllen~ in nature. The~ have been produced by man'::i labor and care, by long-continued 

1, tion of seed or by special care of some kmd, and they can only be maintained by similar care. When this is 
se1eced then the variety is not sustn.ined; ~tnd if the conditions which produce it are not maintained then the re ax , . . . . ' 
character and excellence of the variety cannot be. Spccrnl nmetie::i will be mentioned in connection with special 
wheat-growing districts. . 

The nutritions character of flour de110nds upon its chemical composition, but its market value depends as much 
pon its appearance as upon its untritive qualities. In the clmrnification of varieties they are sometimes classified 

~s balll or bearded; sometimes as hal'Cl or soft, or as red and white, or as winter and spring. There is 110 essenthtl 
tliiforence in the qnalit.y of bald and bearded wheats, but bearded varieties are considered, as a whole, more lutrclyt 
antl .some· bald varieties become bm1n1e1l by contfaned cnlti vation ou lL poorer soil or under poorer conditions. As 
the quality deteriorates the beard increaseti. The white or red or brown or aml>cr color of the grain is no index of 
the color of tbe brea!l produced from its flonr. Color is given to bread fargely from the germ and from certain cells 
lylng just within the e1)idermis'. Th? outm l>ran im~~' .be rem~ved from ':heat and th~ flou~ be_ of tol~rably goocl 
color and still the bread made from it be very tfork if it contam any consulerable po1·t10n of tl11s colormg matter, 
which generally, under tlle old style of milling, imsses into the middlings. 

Under the old systems of milliug, when rarely more than two grades of flour were made from the same grinding, 
and often but one was made, beside the mhldliugs and the bran, soft wheats, as they were called, were more popular, 
but with the new processes of milling, hwgoly bronght into nse in this country within the last dozen years, this has 
entirely changed. The so-called "patent ilour "-flour protlucetl l>y rollers1 by gradual reduction, by high grinding, 
etc.-has materially clrnnged the relative value of the different varieties of wheat. In Dakota and in northern 
Minnesota winter wheat is scarcely grown, the product being practically all spriug wheat. A few years ago this 
ranked from 10 to 40 cents per bushel less than winter wheat, but under these new processes of milling, by which 
millers are enabled to se1mrate the coloring material from the nitrogenous l)Ortion, or gluten, as it is properly called, 
a ilour of good color and great strength can be i1ro1luced from it, and at the present time good spring wheat ranks 
in value higher than the softer winter wheats. 'fhe rettso11 for this will be shown iu the special report on Milling, 
arnl neecl not be followed fnrther here. 

The uumber of "gmdes" differs according to local conditions. In some pllces, as in San Francisco, where 
onlywiuterwheitt is iu the market and most of tho sales are in specific lots, there may be but three, or at most four, 
grades officially recoguize!l ; bnt in eastern markets, where botll winter and spring wlleats, with reel aud white 
wheats of each, are sold, there are more, it mtty be but six or eight, or there may be a dozen" grades", l>eside the 
"ungrnclecl". Local rules vary, hut year by ;year tho met.hods of commerce l>ring the different places into more and 
more uniformity of practice. 

There is a considerable difference in tho weight of wheat per bushel, the actual weights ranging from 54 or 55 
pounds to 64 or 65 pounds, but the weigM; everywhere recognizetl as ~t bushel in this country is 60 pounds, 1.>oth by 
law and by custom. When the wheat falls below 57 pounds the quality is dechledly iuferior, and when abov0 61 
it is considered exceptionally good. It is in only very rare cases that it rises to above 63 pounds. 

Tl.te bushel in common nso in the United States is the vVinchester bushel, cont,aining 2,150.42 cul>ic inches. 
The imperial bushel of tlrn United Kiugdom eoutains 2,218.192 cubic inches, or al>out one thirty-second more; 
·therefore wheat weighing 60 pounds per vVinchester hushel weighs 61.80 pounds per imperial bushel. This is the 
reason wby the weight of English wheat, as given in orclinary works and reports, appears so much greater than 
American. 

The size and plumpness, and consequ:ently the u,verage weight of wlleat kernels .vary very much between the 
different varieties and with the same vttriety in different years. I have calcufated the number per pound and per 
bushel of several samples, by weighing small portions on a chemical balanee and carefully counting the. grains, as 
a basis for computing the number per pound 1.woirdnpois nnd per bushel. The following table gives the results. 
In numbers 1 and 2 the grains a.re very long; in 9, 10, and 11, round and plump. None of them are badl;y sllrunken, 
and several are of the samples mmlyzed: 

TABLE XXXV.-SHOWING NUMBER 01!' GRAINS 01!' WIIEA1' PER POUND A. VOIRDUPOIS AND PER BUSHEL OF 60 POUNDS. 

Vnr!cty. State. 

1 Mnonroni who11t •••••.••••••.••••..•••• Cnlifornin. .•.. 
2 Mncnmni who11t .••.....................•.. do .......•• 
a .Anstrn.linn wfotor (very plump) ....... Oregon ...... . 
4 Little Club (vory plump)" .................. do ...•••... 
5 White Austmllou spring .................. do ...••.... 
6 White Sonorn spring ...................... do ...... - .. 
'f White winter ..••.•.•••.......•....•... Now York ... . 
8 Amborbol\rdml spt:lng ............••... :Mn.inc ....... . 
O Rodwinter,No.2 ..................................... . 

10 Milwuultee Club .............................. --· ..•••. 
11 lWd winter ..•••...•...•••••.••.•••.•.. New York ••.• 

Grains p or Grains por 
pound. bushel. 

7,443 446, 580 
8, 822 520, 320 
o, 450 507, 000 

l0, 1S8 611, 280 
11, 214 074, 040 
11, 330 079, 800 
12, 2:lll 734-, 160 
13, 743 824, 580 

14, 227 853, 020 

15, 105 000, 000 

10, 109 971, 040 
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It will be noticed from the tables of analysis of whole wheat ("wheat in the kernel") that there is considerable. 
difference of composition between the different varieties and between specimens in the same variety. The so-called 
strength of wheat, that upon which the lightness of bread depends, is r~lated to what is call~d tho gluten, which 
in the tables of chemical analyses is included in the "albuminoids ", and m the 57 samples of winter wheat analyzed 
tliis varied from 8.4 to 14.5 per cent. The amount varies in the same variety of wheats1 as noticed in the large. 
number of anal;yses of Olawson wheat from Michigan, "·hich vary among themselves from 10.9 per cent. to 12.4 
per cent. of albuminoicls. So, too, of Diehl, the albuminoids (which we may take as representing gluten) varying \n. 
four samp1es from 11.8 per cent. to 13.8 per cent. So, too, of Fultz, from three or four states the albuminoids in the 
four analyses varsing between 11.1 and 14.5 per cent. The average of all the analyses of winter wheat and all the. 
spring wheats show that the spring wheats average about 1.3 per cent. more albriminoids than the winter wheats 
.and this is why, with modern milling processes, they make the stronger fl.our. The range is also great-er t11a~ 
.among winter wheats, the poorer spring wheats having but 8.1 and tile best 15.5 per cent. albuminoids. 

The chemical composition of the grain and its value as a bread-plant not only vary greatly in the different 
varieties, but also in the same variety from year to year anci on different soils, and also vary with the effect 
of manures. In tlrn extensive series of analyses that have been made by Messrs. Lawes ancl Gilbert, at 
Rothamsted, in England, we will merely cite the results of a series of tables showing the amount of albuminoids in 
wheat grown on unmannred anc1 manured land for a series of years continuously. Several analyses of each crop 
were made, but only the means are cited. The following table gives the results; the first represents the extreme 
and the mean of the ten successive harvests from unmanured land; the second, from ten harvests of land manured 
with ammoniacal salts only; the third represents nine successive harvests grown on soils manured with ammoniacal 
salts and various mineral manures. The figures given as maximum and minimum do not mean the least aml the 
greatest amount found in any single sample, but the mean of the harvest of that year, and represent tho mean of 
the three, four, or five analyses, acpording to the number made of that variety: 

TA.DLR XXX.VI.-ALBUMINOIDS IN THE DRY MATTER OF WHEAT (KERNEJ,) GROWN .AT ROTH.A.MSTED FOR TEN 
SUCCESSIVE YEARS ON THE SAME PLATS OF GROUND. 

' 
Fertilizer• us&1. :Minimum in :Maximum in .A.verageof 

ten years. ten years. ten years. 

Unmanured ............................................. 11. 2.5 14. 63 13. 29 

Manured with ammonlacnl salts only ................... 12.19 15. 50 14.14 
:Mauured with ttmmoniaeal salts and mineral manure .•. 12.37 15.06 13.75 I 

Those averages illustrate several important items: the first is, that the same variet.y under the same treatment 
varies much in different years; second, that the manur~d average richer than the unmanured; and, third, Lbe greater 
difference comes from the use of nitrogenous manures. . 

1\Iany years ago Davy founcl the wheat of Sicily richer in gluten than that of England, and this appears to 
have lecl to a hasty generalization, that the wheat of warm climates was stronger than that of cooler ones. It 
bas been claimed that the wheat of northern Africa was stronger, that is, contained more gluten, than that of 
nortliern Europe. So far as our analyses of American wheats show, this is not proved. to be the case here. 
Undoubtedly climate as well as soil affect the amount of albuminoids, but we have no evidence that the California 
wheats are, as a class, richer than those of the other regions, or the wheats of the southern states richer than those 
of the northern. 

There are, differences naturally existing in the composition of wheat flour similar to the cUfferences existing in 
the grain. Of the 49 analyses given in our tables, and representing the labor of various analysts, the average 

· amount of albuminoidl'! is somewhat less than the average amount in all of the wheats but there is a similarly 
large range, some sinking as low as 8.6, and others running as high as 13.6, the star~h and the albuminoid.s 
standing in opposite relations to each other. The flours rich in gluten are what are technically caned "strong" 
flours, while those rich in starch do not easily make so light a bread, but are more especially "pastry :flours"· 

Under the modern systems of milling already allu(ted to the amount of flour made from a given amount of 
wheat is not only greater, but the mm1ber of kiuds or brands of :flour has also greatly increased each with its 
special characteristics and special properties. ' . 

Tables of chemic~! composition of tlrn wheat grain ancl the wheat flour show wl1y wheat bread is, on the whole, 
the most nutritious of breads, in that it is richer in albuminoids. The special excellence of wheat bread, however, 
is largely due to the fact that the gluten itself has other properties than the albuminoicls found in other cereals, 
which make it more digestible anc1 susceptible of making a lighter bread. An oat meal having a nutritive value 
equal to \\'heat flour will uot make a Iig·ht bread. The albuminoicls of the dift'erent cereals are similar in chemical 
composition, but unlike in their properties, and those found in wheat called "gluten" have an especial character, 
known as paniforous qualities, in a much greater degree than the albu~inoids of any ~ther graip.. 

Wheat contains less oil than corn, ancl this is probably one reason why wheat fl.our is more easily preserved 
than corn meal. In the grain of wheat there is more oil in the germ tuan in the body of the grain and modern 
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thods of milling, which remove the germ (because it somewhat discolors the flour and bread made frolll" it) 
::1 deprive it of a slightly .larger pro1~o:tion of oil than did the ol~l-~as~ioned methods. In the analyses of flour~ 

·ven in the tables of chemical compos1t10n the average amount of oil m five "straight" flours is 1.38 1rnr cent. 
gihile in eight "patent" flours it is 1.24 per cent. ' 
w The thickness of the bran is represented in the analyses by "fiber", and in some varieties we find the amount 
to be about twice as great as in others, ranging from a trifle l~ss than 1.2 to 2.3 per cent. As a general rule, the 
bran is thinner on upland wheat than on lowla~1cl, and on white whea,t than on red. Its thickness also depends 
somewhat on the time of cutting, as is sbown m Dr. Kedzie's analyses illustrating the time of cutting wheat. 
There is a popular belief among millers that most of the oil contained in wheat is found in the germ, and that by 
the removal of the germ the oil is removed. The ~1ualyses of flours, however, do not bear ont this ~upposition. 
The average quantity of oil in the flour is somewhat less thau in the whole grain, but the amount is nevertheless 
quite notable. The clnim of the greatly superior character of Grahn.in flour, because of its being richer in 
Jtlbuminoicls, is not borne out by these analyses. The average of the few Graham fl.ours examined was a little 
liigher than the avern,ge of all the otller flours in gluten; but it must be remembered that this flour is generally 
made from wheat of a quality that is rich in albumh1oi<ls, while for special purposes many of the whiter flours, 
notably the pastry flours, are poor in them, mul their analyses bring down the general average in tlie total flour 
analyses. Two fl.ours (Nos. 100 and 120 in the tables of analyses), called "flour from the entire wheat", are not 
coarse Graham, but fine :flours, made from grain from which merely the outer cuticle has been removed. 1'hey are 
richer in albuminoids than the average analysis of fine :tlonrs, and make a very light and sweet bread, although 
dark in color, and probably have all of the advantages claimed for Grabam flour, without its disadvantages. It 
is well known that the cuticle of wheat is comparatively indigestible, and if coarse Graham flour is superior to fine 
wheat flour as humr1n food, it, is chiefly on pb,ysiological rather than on chemical grounds. It is possible that its 
.coarseness has physiological effects, but chemically it is not materially superior to modern new-process flour, except 
that it is richer in mineral ingredients. 

Over most of the United States deep plowing is preferred in theory, although the most of the ground is plowed 
Jess than six inches deep, and much of it less than :five. '.l~he cost and the rapidity of plowing have already been 
.di~cussetl. 

On fallowed land, and where the ground is sufficiently smooth, the grain is usually sown directly on the 
furrows; if the ground is rough, it is harrowed before sowing. There is much difference in local customs in this 
matter, many preferring to sow directly on the furrows, unless the ground be very rough. Difference of soils 
.and mere local fashions in part explain the preferences. 

There are in this country two radically different methocfa of sowing (or planting) wheat: broadcast and in 
·drills. In the first, the grain is scattered irregularly, aud is coverecl irregularly as to depth with harrow, plow, 
-0r cultivator, as the case may be; in the second, it is left in rows or drills, usually 8 (7 to 9) inches apart, at a 
reasonably uniform depth below the surface. Broadcast sowing may be performed by hand or by machine; drilling 
·Only by machine. In the old countries another method, known as "dibbling", was formerly much pmcticecl, and 
;possibly may be yet; but it requires so much hand labor that it is no longer pro:fitable, except under circmnstances 
where competition is, for any reason, very restricted, and it was never practiced to any considerable extent in this 
·COUil try. 

The ad vantages of broadcast sowing n.re, tlmtif done by hand there is no need of' the expense of a machine, and 
if done by machine it can be more rapidly done, some broadcast sowers sowing 50 or more acres per day. The 
advantages of sowing by drill are several, and are more especial1y applicable to winter wheat. 

Under rig·ht conditions of climate and soil whea,t that germinates at an inch or a little less below the surface 
is under the most favorable conditions for 'future growth; but if the ground is rather wet, by frequent freezing 
.and thawing in the winter a portion of the surface is raised on small columns of ice and the ft bro us roots are drawn 
o11pward, and when the ground thaws, and this is repeated, the roots are drawn out of the soil and exposed to the 
winds and the sun, and the plant is either killed outright or is very much injured in its growth. Where wheat is 
,([rilled-in, the operation of the drill leaves the seed deposited at a uniform depth and in the bottom of a slight 
fnrrow, and the same operation of freezing and. tlutwing which tends to dislodge the wheat also tends to level down 
the ridges between these furrows, the soil falling over the roots and partially covering them. For this reason 
wheat that lrns been drilled-in "winter· kills" less tlrnn where it lms been sown broadcast. 

If we were sure of just the right amount of moisture in the soil atjust the right time, ancl this moisture continued 
<luring the growth of the crop, then grain sown at a depth of less than an inch would be under the best conditions for 
futnr(\ growth. The plumule wonlcl then easily and quickly reach the surface, and the nutriment stored in the grain 
woulcl be sufficient for the formation of the :first two or more vigorous green leaves, and also for the first roots. In 
.ger?1ination the plumule rises as a, single stalk from the crown of the roots, which grows at the point when the 
radrnle and plumule emerge from the seed. This is the spot where the wheat-plant branches or "tillers". .A.t the 
crown of the numerous fibrous root~ new shoots form each throwing out its own set of roots, so that they may be 
separated into independent plants, if that were an obj~ct. How many stalks and ultimate heads are produced from 
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one seed depends upon the soil the climate and the variety. Theoretically, the limit is very high, quite often ten 
' ' . . h I or fifteen heads being produced on a single pla,nt, and in experimental cultivation a muc arger number is often 

produced. 
This very sbo,llow planting of less than an inch is only best when all the conditions are right, but in practic& 

this is seldom the case· so tlmt the actual depth at which wheat is sown varies with the year and with th& 
circumstances ranging from 1 to 5 inches. When the seed is planted two or more inches deep, the germination, 
takes place p;ecisely as with shallower pfonting, but the greater the depth and the smaller the original seed the 
weaker tbe plumule is when it reaches the surface. Once above the surface, and with green leaves to absorb the· 
nourishment from the air, a small enlargement grows on the plnmule an inch or less from the surface of the ground. 
At this point a new crown of roots is produced, and for a time the plant grows with two masses of fibrous. 
roots, one by the original seed aml the other near the surface~ the two connected by a portion of stalk of' greater 
or less length, according to the depth at which the seed was originally planted. Both of these sets of roots for a 
time :nourisll the plant. On ground where wheat is liable to winter-kill it is customary to plant the grain more· 
deeply than ordinary (either by drilling or by plowing it in to the depth of three or four inches) to insure this. 
double set of roots, and thus to diminish the fotbility of winter-killing, the lower set acting as a sort of anchor and, 
hindering the " heaving", an cl also to provide a double set of roots to preserve the life of the plant if' the upper set 
be killed. Deep sowing is practiced also in times of great drought, where it is feared that the grain will either not 
start, or, if it starts, that it may perish in the dried surface soil. 

In all of these cases the lower set of roots die at a comparatively early stage in the growth of the plant, and 
then the later and principal growth is nourished by the upper set alone, and at this point all of the tillering tak;es: 
place. Of course, if there is no special end to be gained, it is better that the extra amount of vital energy required. 
to produce this extra set of roots should not be expended, and deep covering is therefore only to be practiced where· 
the gain on average years is greater than the loss sustained through this slight waste of vital energy. 

In the older states, New York, Pennsylvania, and Ohio, more wheat is drilled-in than sown broadcast, but in• 
regions of spring wheat, and where winter wheat is grown on a very large scale, if there is little or no danger of 
winter-killing, as in California, broadcast sowing is much more largely i)racticed. Done on a large scale, broadcast 
sowing with machines and covering with harrows is cheaper than sowing by drills, but on smaller farms, a.nd in 
mixed farming, authorities differ as to the relative cheapness between broadcast sowing by hand and drilling by 
machine. Where drilled-in, from 15 to 30 pounds of seed less is generally used than where sown broadcast, but 
custom is not uniform in this respect. 

As to quantities sown broadcast, in the middle states 7 to 9 pecks are common; in the West, 6 to 8 pecks; in· 
California, 3 to 8 pecks, the smaller amount in the .drier regions. Some varieties have to be sown thicker than, 
others. 

Everywhere east of the great plains the last few days of August or the first three weeks of September are
preferred for the sowing of wheat. North of the Ohio river the last days of August or the first week in September 
is preferred, unless there are special reasons for sowing later. 

Between sowing and harvesting wheat in this country receives practically no cultivation. Here and there it 
may be 11arrowed in the early spring, and on the black soils of the prairie region it is common to pass a roller over· 
it. Sometimes on smaller farms it is weeded by hand, but I cannot find that anywhere wheat receives any spring~ 
or summer cnltitation other than that mentioned. 

THE TIME OF CUTTING WHEAT. 

Numerous experiments have been made to determine the best time to cut wheat, and the avera.ge result ot 
many trials, some of' which were made long ago, has been that it is best to cut before the grain is dead ripe; that 
the quality of the grain is better, the yield larger, and that the flour made from such earlier cut wheat is better and 
whiter and the proportion of bran is less. The rule usually followed is to cut when the strnw is already yellow 
below the head but more or less green in other places, when the kernel is past the milk and in the dough, soft 
enough to be easily indented with the thumb-nail, and hard enough not to be easily crushed between the :fingers. 
The result of practical experiments in the flouring-mill has been that wl1eat cut at this stage will yield more flour· 
with a smaller percentage of bran, and it has been claimed that wheat thus cut contains relatively more starch 
and less gluten, and is, practically, a "softer" wheat. It has also been frequently stated that the starch develops. 
in the grain relatively earlier than. the gluten, and that by letting the wheat stand until fully ripe the relative· 
proportion of the latter is increased, and certain microscopic investigations apparently bear out this view. 

In tl1e summer of 1879 Professor R. C. Kedzie, of the agricultuml college of Michigan carried out at La,nsing' 
a most iiaportant Reries of experiments directly bearing upon this point the results of which he has described in 
detail. 'l'he investigation extended to two varieties of wheat, the Cla~son and Schumacher, specimens of which 
were cut ou twenty.one successive days at the same hour in the day, and the grain from each of these, after drying, 
was subjected to chemical analysis. The method employed may be summarized as follows: 

A field of Clawson wheat, which appeared to be very uniform in its growtl1 and in the quality of the soil, was. 
select.ec~t,gr one set of experiments, and another similar field of Schumacher wheat for a. :parallel set. Specimens. 
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thered of each at nine o'clock in the morning, beginning with June 29, 1879, and continuing for twenty-one 
were g~, dnys-a period embracing the progressive changes of the kernel from its early stage, antl before the 
successn e "' · f d l · Tl S h l · t were milky in color, up to the tune o eat i·1peness. rn c nmac ier vn,riety, however, was somewhat. 
?°n~n 8 

ce of the Clawson, apparentl,y about five days, through the whole series, and the kernel was in the milk 
111 ~hva~rst cut.ting. A sheaf of the cnt grain, carefully labeled, was placetl to ripen and dry in an airy room, 
~d e:ery sheaf was subjectecl t? the sa1.ne trcatmen~ througho~1t. When f~1lly dry,, the grain was beaten ont by 
h 1 winnowed and preserved m glass ,Jars for chenncal analysis. The gram thus ripened on the stalk was slowly 
~:i in a shelte~ed room ~md~r somewhat di~erent conditions from wh~t. it wonlcl have been if thrashed out as so?u 

ut or if it had been dried 111 the Run iind m the field; but the comht10ns were the same for all, and the grarn7 
::s matured would represent the results securecl by ripening nml er the most favorable conditions of harvesting at 
the several p~riods of cutting. Observations were daily made on the weat,l1er during this period, and the following 
diary will give some idea of the condition and development of the berry and the ripening of the stalk at tlle 
successive periods of cutting. I also inclndo a brief statement of tho condition of the weather, which may assist 
in explaining the rapid changes which took place at certain stages of growth. In the central iind western states the 
word ''berry" is the common term for kernel of wheat, and I lrnve retained it as originally wri.tten in the diary: 

STA'rE 0.1!, WEA'.l'HEH AND OF nm DJWELOPMENT OF 'l'HE GRAIN. 

~======;==== .. ·=·--"-''--=--=---==:c.c=:::::==--=:=-= ... o-.. .=_= .. -== .. =---=-=:=-===-=-========= .. ==-c .. : .. =-==--=-----
ti; 

B Degroo of rlponoss of stnlk n1Hl bol'l'Y or Clawson whont nt tl10 
g Moan clnily tempemturo. RO\'l'l'n.I portoda of cutting. 
'a 

Degree of riponeas of stalk nll<l hotTY of Sclmmncher wheat 
ut tho SOVOl'l\l periods of ontti11g. 

~ 
1 77f•.-CJoucly .•...•...••.. Stnlk gro<•n; berry wntory nnd humnturo; n littlo milky .••. -..••••• St.nlka gl'bcn; borry milky, ~nsily or1rnbocl by flngora; ewcet. 

2 750,-Rain •.••••••.•. _.... Stalk i;roon, nml il11tv<1a mat eel slightly 1 bol'l'y Yory lmm11turci; some- Stalk green; berry cnslly crnahocl J1y fingers; milky nnd awect. 
wl1ntm\lky. 

a 6ijo,-Rainy ...•...•...... Berry milky nncl awcotlsh; color of borry, groou.................... Borey llloro milky, hut groonlah; con bo cmahod by fingers; 
aweot. 

4 080.-Clondy .............. Berry milky nml sweet; still g1·0011 In color ..................... ··- Bcrr
1
y yollowlsl1, milky.clough; fingers at.ltlueil hy milk whcu 

bo ng omsbocl. 

5 7010.-Clear .......... _ ... Berry milky, awoot, gr11on 1 no dough................................ Strnw boooming yellow; berry in milky-clough conclltlon. 

6 1210.-Cloar •••••• • •• .. • • • Str11w still groon; bony mlllry, ewMt, grooulsl1 in color; no dough.. Bor1·y In tho tlougll 1 cru»hccl botwcon tbmnh-11nlls, stains them. 

7 77J.-Cloudy and raining .• Stnlk green, lmt fo1woa ydlow; berry more milky, sweet, yollow
groen. 

Strnw 11m11llah, hnt lcllVl'B green; berry In tho clough nnd 
l1ocomlng yollow. 

8 700,-Jiot and close, cloudy Strnw green, hcmds yollowlah; berry yollow-grocn, thlok milk, swoot. IIontl hrown; horry doop yellow, still' dough; cnn be crushed 
by th nm b 0 nnlls. 

9 60fO,-Coolor and cloudy.. Stalks nn<l honds tnl'lling yellow; bm~·.v milky.clough, ewoot . . • . . . . . llerry brown, hnrd; cl!Olcnlt to c1·11sh between thnmb.1101Js. 

10 71£0.-Clenr .......... -• •• Stnlka nncllwnua yollowlsh.grcou 1 berry less swoot nn<l moro <loughy. Bort•y crushes dry; grain hnrvcstocl to-1lny. 

11 78°.-Rain in night ... - . - . Stalks yollowlsh; hands begin to bend; berry thin dough, 11 llttlo Strn.w J>Urpllsh-ro1! nncl fully l'ipo. 
swoot. 

12 73°.-Rainy ............... Stmw yellow; bends homl moro; lrnrry In the dough, only 11 llttlo llencls hon cl oYor; stnlke becoming hrown nud le11ves dry, 
sweet. 

13 751°.-Cloucly ............. IIonds bond over 1 llon•y still' dough ................................. ltlpo nnd ovor·rlpo. 

14 74°.-Clenr .......... -. . • . llo1ory oruahoa dry bctwoon tlmm b-1111Ua; hm--vostc<l to-d11y. • • . • • • • .. Do. 

15 70°.-Rnin in night .. -·... Berry uunrly dry and bocomh1g h1ml; straw 1mtirely rlpo •.•.•• ···:. Do, 

16 75°.-Cloudy .............. Berry tlry nL<l lmr<l; Btnlks n full yollow •••• ,. •.•. .. •.••... ••. •••••. Do. 

17 78!0.-Clear ............ -. Stnlks ovor-rlpo; bori:y shells ou l111udllng shonf.............. ••• • • • Do, 

18 790.-Cloar -···· .......... Stnlks bocomlng brittle ........................... , .•• ... .. . •. •••••. Do, 

19 81°.-Clear ·····• -.. .. . • .. Stnlks becoming l>ro1VI1 nud brlttlo........... •• • .. • • •• •• . • • .. • • .. • • • Do. 

20 85!0 .-Cloudy............. 1ifanifoetly <lead·rlpo . • • • • .. • • • • . • • • • • • .. • • • • • • .. • • • . .. • . • • • • • • • .. • .. Do. 

21 78°.-C!oudy .•...•• _ ........... , do .......................................... , ...•••••.•...••••• , Do. 

RELA'.P-IVE YIELD OF WHEAT AT EACH GUTTING. 

To determine the relative yield, each sheaf was carefully thrasbe(l and the broken kernels and foreign 
substances of every kind were removed, but no grains were removetl in conseqneuce of imperfect development. 
Ten grams of this were weighed, and the number of gmins of wheat in that weight were caref\llly counted. This 
was repeated ten times for each specimen. The average was then taken, as representing tho number of grains of 
~beat per ~en grams' weight, and it was assumed that the gross product of grain at the several ~itnes of cutting 

.ould be. directly as the average weight of the kernels and inversely as t.he num her of kernels reqmrecl to produce a 
gi.ven '~eight. Table XXXVII (page 72) shows the relative estima,tecl yield in bushels per acre nt the different periods 
'
0f c~ttmg, on the assumed estimate that each variety of wheat produced 30 bushels to the acre as its maximum. 
It will be seen that t1-" Schumn.eher is a few days in Mlvance of the Glawson, and that the growth of each 
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variety proceeds by a somewhat irregular progression, the increase. of gr?:""th bearing some relation to the 
temperature of the preceding day. No explanation is offered for the fallmg off m ~he sevent~ and twelf~h cuttings 
of tlie Clawson ancl the eleventh and fifteenth cuttings of the Schumacher. It will be noticed that after the full 
ripening of the grain there is a slight but sensible decrease, showing tha~ the common impre~sion .among f~rmers 
that there is diminished production when the harvest is delayed too long is well founded, and m this case this loss 
is not from careless handling of the grain or from the over-ripened grain being drier. The loss, though small, is a 
real one. 

RELATIVE CHEMIC.AL COMPOSITION OF WHE.A.T. 

The grain of each cutting was subjected to chemical analysis, the process being the same as that used in the 
analyses performed by the Census Bureau, except that the amount of water was determined by prolonged heating 
and drying at 100 degrees C. (212 F.), and then cooling in a desiccator, instead of 110 0. (230 F.), as in the other 
eases. 

TABLE XXXVII.-YIELD .A.ND COMPOSITION. 

CLA.WSOJI", SCHUMACHER, CLAWSO.!!. SCHUM.ACI!.llR. 

Number 

Nnmb<>r In hi to Numbel' I Bushels to 
of cut. 

.A.lhumi- Album!-tiug. grains for 10· us e s gl'llins for 10 acre. no ids. :Fiber. .A.sh. noido. Fiber. .A.sh. 
grams. acre. gmms. 

1 704 11. 23 484 16.11 16.77 4. 03 2.72 17. 40 3.40 2. 20 

2 502 13. 34 447 17.44 15.10 4. 05 2.48 17.41 a. 42 2. 21 

3 531 14. 91 455 17.13 15.16 8. 55 2. 30 17. 60 8. 81 2.19 

" 471 16. 81 383 20.37 13.37 3.47 2.24 16.19 2. 90 2.18 

5 454 17.44 365 23.00 13. 05 3. 29 2. 04 10. 06 2. 86 2.05 

6 362 21. 87 332 23.49 12.67 a.16 1. 07 15. 49 2. 88 2. 00 

7 384 20. 62 320 24.87 12.41 a.18 1. 06 15. 23 2. 85 1. 97 
8 827 24. 23 BOS 25.82 12.54 3. 08 1. DO 15. 68 2. 80 1. 98 
9 816 25. 03 804 25. 66 12.16 2.80 1. 80 15.42 2. 83 1.96 

10 290 2:1. 81 260 30.00 12.09 2.80 1. 81 14. 55 2. 76 1. 04 

11 276 28. 69 267 29.21 12. 54 2.79 1. 01 15.17 2.74 1. 02 
12 282 28.08 260 ao.oo 12.80 2.40 1. 04 15.10 2. 68 1. 96 
13 267 20.66 261 29.88 12.67 2.2;; ]. 91 15. 29 2.45 1.91 
14 272 29, l2 262 29.77 12.28 ~. 20 1. 80 15. 29 2. 31 1. 03 
15 264 30.00 266 2D.36 12.28 2. 26 1. 87 15.17 2. 26 1. 90 

16 272 29.12 263 29.65 11. 90 2.15 1. 82 15. 29 2. 21 1. 86 
17 270 29.27 260 ao. oo 12.80 2.26 1. 86 15.10 2. 24 1. 87 
18 277 28.60 260 ao.oo 12.41 2. 36 1. 88 14. 52 2.29 1. 86 
10 268 29.55 262 29.BQ 12. 41 2.40 l. 77 14.40 2. 83 1. 85 
20 272 20.12 272 28.67 12.41 2. 38 

I 
l. 79 14. 20 2. 37 1. 84 

21 268 29. 55 276 28. 26 12. 28 2. 80 1. 78 14.14 2. 36 1. 86 
I -----

The ":fiber" of' these analyses is in the bran, and in ordinary wheats is from one and two-tenths to two and 
four-tenths per cent., or an average of about one and sixty-five hundredths per cent. In these samples it diminished 
from the earliest cutting, when it amounted to four per cent., to a minimum of about two per cent., and then rose as 
the grain became ri1Jer, showing that there is an increase of.bran with over-ripening. Tlie larger amount in the ftrst 
cutting of the Clawson than that of the Sch11macher is because of its more immature condition. .A. reference to the 
table will show that the highest }Jercentage of albmninoids was found in the earlier stages of growth, and that it 
falls off regularly to the complete ripening of the seed, at which time the grain contains a smaller percentage of 
albuminoids than at any time before. The claim that gluten increases near the close of the process of ripening, and 
that the dead-ripe wheat is richer in gluten than wheat harvested somewhat earlier, is not supported by these analyses. 
The hara and flinty kernel secured by over-ripening is no richer in gluten, so far as these analyses show, than the 
softer kernel securer! by earlier harvesting. 

This refers to the percentage composition, and not to the aggregate 'j)rocluction per acre; for while the 
albuminoids in the early stages of the growth cons ti tu te a larger proportion of' the grain, as the crop develops all the 
constituents of the grain increase in quantity, but the starchy constituents increase relatiYely faster; so that there 
is an actual increase of albuminoi.ds per acre, although there is a relative decrease per bushel. If the dead-ripe 
wheat is better for the miller than wheat cut earlier, it is in consequence of certain physical properties of the harder 
kernel, rather than from any increase in its percentage of gluten, or, as many express it, in its nutritive value. 

One significant fact in the process of ripening is the rapid development of starch, both actual and relative. 
While the albuminoids increased in actnal amount, the increase of the carbhydrates was so much more rapid that 
the percentage of the albuminoids fell oft' continually up to the period of ripening, and when this storing up of 
starch was completed the ripening of the grain was also complete. In this investigation no effort was made to 
determine the value of the straw of these diflerent cuttings. Grain so far outranks the straw in money value 
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that the western farmer is willing to ~acrifi~e. the .straw if t~ereby ?e ~ay increase the yield or improve the 
ality of the grain. But every farmer is fanulmr with the rapid deter10rat1on of the quality of the straw for forage 

G; allowing it to stand. until the ~rail~ is dead ripe; ancl where the stra~ is 1:sed f~r feed, even if ~hero be no 
ueterioration of the gram by over-r1pemng, the greater value of the stmw rs an mcentive to early cnttmg. These 
esults which have been fnrnished by Professor Kedzie in advance, will be published more in detail elsewlrnre (a). 

r T~e wheat harvest of 187fl in the United States began in Texas 11bout the 1st of May, and ended in the early 
part of September in Dakota., Wisconsin, and Washington territory. As regards the greater grain-producing 

tntc" 1·n Californitt the lrnn'est began about the 1st of ,June, and the most of the wheat was cut between the 15th of s (-IJ ,,, 

Jnne nn(l the 1st of August, but the harvest extended until in September. In Illinois, Indiana, and Ohio the most of 
tile wheat is cut during the last half of .Tune all<l the first half of July. Everywhere east of the great plains wheat 
is cut as soon as it is ripe, or ft little before, awl the harvest seldom extends on any one farm longer than two or 
three weeks, the wheat being ent as fast as it is ripe. In California, wllern there is no danger from storms, the 
harvest (~xtencls for many weeks after the wheat is l'ipc, some of it standing six, eight, antl it may be eYen ten weeks 
after it is ripe enongh to cut. 

Tlle replies to queHtion 4,1, ""'iVlia,t proportion was cut by lmnd, an cl w lmt by machine~" show that in the prairie 
regions of the ·west it is practimtlly all cut by machine. Here and there 5, 10, or in places 15 per cent. of the crop 
is cut by hand, owing to some local condition, hut in most places it is all cut by machine. In the regions of 
smaller farms, and on rong'lH~r laud, especi:tlly sonth a!lll east., a larger 1n·o1Jortion is cut by band. It is probable 
that four-fifths of aU the whea,t grown in tlte U11ited States is cut 11y machine. Everywhere east of tl1e great plains 
it is practienlly all bound into slleavei'l, t.lie exceptions to this being too small to make note of llere. Tllis arises 
from tlte m1tnre of the climate; tho wheitt needs to bo cured be.fore thrashing. The whole of this part of the 
country is subject to sho\YGrs and rains during the lu1rvest season, :rn<l against this the farmer provides by binding 
the when,t into Bhmwes and curing in suock. In California, where there is no clanger from this source, the most of 
the grain is headed, aml is not bound into slwwos. 

To question •18; "If cut hy machine, what is an average cfay's work for one man, team, and machine?" the most 
co~mon answer from Illinois, Indiana, and similar states is 10 acres, the g'l'eat majority of tl1e answers being from 
8 to 12 acres. In California, however, where larger machines are used, from 10 to 20 acres are more often returned; 
by hand, from 1 to 2 acres. · 

In answer to question 47, "v"Vlrnt wages were paid harvest hands in 1879~" in the great grain.growing states 
of the :Mississippi valle.r, as in 11liuois, Iucliana, Iowa, Minnesota, and Michigan, the witges ranged from $1 25 to 
$2 GO per day, the most common prices over the whole of this rngion being $1 50, $1 75, and $2. In Missouri and in 
Iowa the wages ranked a little lower than in Ohio, Indiana, and Illinois. fo New York the prices ranged from $1 
to $2, $150 being the most common price, the harvest lrnnd generally receiving his board. In California the most 
common price was $2, varying somewlw.t, special men, with thrashing-machines, however (as engineers and 
machine men, and sometimes the feeders), receiving higlier wages. 

As already stated in speaking of tbrashiug in geneml, the most of the wheat crOJJ is stacked or put into barns 
before thrashing in the principal wheat-growing regions, ancl is then thrashed by steam-power, the most of the 
mitchines being custom machines, traveling from farm to farm. 

In answer to question 54, "·what is the usual price per bushel for thrashing wheat~ At this rate, does the 
grower furnish: (a) board of thrasher's men~ (b) What number of additional hantls, if any'l" and to question 55, 
"What do you consider a good day's work for a 1:1team-thrasher under good conditions~" we find that in the group 
of g-rea,t wheat.growing states, ex tending from Ohio to Missouri and from Dakota to Tennessee, them ost of the grain is 
thrashed by custom mad1ines, traveling from farm to farm, the farmer employing tbem furnishing from four to twelve 
additional hands, accordh1g to special contract-genera.Uy about eight-and boarding the thrashers and tbeir teams, 
the i1rice ranging from 3~ tu 5~ cents per bushel, 4 to 5 cents being the most common price. Where the board and 
extra hands are not fumisbecl, the cost is genemlly from 10 to 12 cents per bushel. Similar prices obtain through 
the mi<ldle sbites, but the range is perhaps a little grenter, from 3 to 6 cents, depending upon the size of the erop, 
it costing more per bushel to thrash out it crop of but 300 or 400 bushels than n. crop of twice that amount. In New 
Jersr3', Pennsylvania, and Virginia, and so on southward, mnn.r custom machines thrash for a portion of the crop, this 
portion var;ying from one twenty-fifth to one-eighth, the usual amounts given being from one-twentieth to one-twelfth. 
As regards what is !L good clay's work for 11 steam-thrasher through the western states already alludetl to, the usual 
answers are rarely below GOO or nbove 1,000 bushels. In the middle states and similar regions, where large grain 
farms nre more rnre, 400 to 700 bushels. are more often returned. In California the quantities are often much 
larger. The grain being hended, there is less straw to pass through the machine; it is usually drier, and the 
amounts grown by in(liYidual farmers are very large. A sinO'le custom mnchine will thrash from 40,000 to 100,000 
bni:;hels iu a "season" of three months. Two th01{sand bush~ls per day are often thrashed. 

Ai; will be seen from the rna.ps aml from the tables, the most of the whea.t in the country is grown in the region lying 
~e Ohio river, aud bet,veen the eighty-first ancl the nincty-se\·enth meridians and north of the thirty-seventh 

a '!'he full paper was read before the Amorica11 Association [;,-·ti~~ Advancement of Agricnltm11i Science at Cincinnati in Angust, 
1881

• and piiblished later in the yeM 1 ~vith tables and dil1grums, in the .American Agrim1ltutal .dssocia.lion Jou1'na.l, I, Part 2, P· Ul3. 
:15:3 
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pamllel of latitude. Over most of this region the wheat .is grm:n on farms practicing mixed ~griculture. Local 
practices vary, and the wheat production in any one locality varies fro~ year to year very considerably. In all of 
these states, except the northernmost, it is grown on the same f~rm~ with corn and other cereals? corn really being 
the leading cereal as to quantity. The general methods of cnltIVat10n have .been so often c~escribed ~hat it seems 
scarcely necessary in this place to note them save where they are except10nal. ~n port10ns of this region the 
average yield seems small when compared with the great amount o~ product; but it must be remembered that in 
many districts there are as yet no incentives to a very intense farmmg, and not nnfrequently a production which 
run~ under rn bushels 1)er acre may at the same time be a profitable one. For the distribution, both actual and 
relative of the separate grains over this especial grain-growing region we must refer to the maps. 

Th;oughout the southern states considerable wheat is grown, ~nd, although t~e average yield see.ms small, it 
probably will continue to be grown. The most of the wheat ~rm;n m :hose sta~es Is. not on the best soils, and is in 
a style of farming which is the reverse of intense. The prmmples mvolved m this have been so fully discussed 
elsewhere that they need not be more than alluded to here. 

The following table, from the twenty-third annual report of the secretary of the board of trade of Chicago, gives 
the wheat receipts at Chicago in such shape as to show the movement there by crops, but little new wheat reaching 
that point before August 1, and but little of the previous year's harvest probably being delayed beyond July: 

TABLE XXXVIII.-WHEAT RECEIPTS AT CHICAGO. 

Received from- Amount. 

I' 
Received from- Amount. Totaiamount. Year 

harvested. 

Btt11helll. Bushels. Bushels. 
.A.ug. l to Deo. 31, 1860. 12, 066, 354 Jan. l to July 31, 1861. 5, 820, 345 17, 880, 699 1860 

Do .••..••••. 1801 11, 364, 657 .•..•• do .•••••.••. 1802. 6, 416, 802 17, 781, 459 1861 
Do •••••••••. 1862. 1, au, a14 ...... do .......... 1863. 7, 520, 615 14, 831, 929 1862 
Do .......... 1863. 7, 110, 041 I .••••• do .......... 1864 6, 770, 187 lB, 880, 228 1863 
Do .••••••••. 1864. 5, 317, 790 ...... do .......... 1865. 4, 348, 414 9, 666, 204 1864 
Do .......... 1865. 4, 892, 906 ...... c1o .......... 1860. 3, 613, 962 8, 506, 958 1865 
Do .......... 1866. 8, 667, 786 .••••• do .......... 1867. 2, 037, 087 10, 704, 873 1806 
Do .......... 1867 11, 275, 162 ...... do ••••••.••• 1808. 8, 511, 609 14, 786, 861 1807 
Do .......... 1868. 11, 245, 395 ...... do .......... 1869. 7, 610, 926 18, 850, 321 1868 
Do .......... 1860. 9, 265, 834 ...... do .......... 1870. 7, 185, 365 16, 451, 190 1869 
Do .......... 1870. 10, 200, 044 ...... do .•••.•••.. 1871. 5, 286, 041 15, 495, 085 1870 
Do .......... 1871. 9, 153, 615 .••••• do .......... 1872. 2, 533, 706 11, 087, 321 1871 
Do .......... 1872. 10, 190, 435 ...... do .......... 1873. 7, 338, 150 17, 528, 585 1872 
Do .......... 1873. 18, 928, 412 .••••• do .......... 1874. 16, 210, 067 85, 138, 497 1878 
Do .......... 1874. 13, 554, 555 ...... do .......... 1875. 12, 200, 732 25, 761, 287 1874 
Do ••••••.••. 1875. 11, 909, 638 ...... do .......... 1876. B, 355, 710 20, 355, 848 1875 
Do .•••••.••. 1876. 8, 218, 348 ...... do •••••••••. 1877. 1, 021, 017 10, 139, 365 1876 
Do .......... 1877. 12, 243, 498 ...... do .......... 1878. 11, 584, 302 23, 827, 800 1877 
Do .......... 1878. 18, 129, 275 •••••• do .......... 1879 13, 575, 041 Sl, 704, 316 1878 
Do .......... 1879. 20, 531, 008 .••••• do .......... 1880. 9, 002, 705 29, 533, 833 1879 
Do •••••••••. 1880. 14, 538, 842 

THE RED RIVER REGION . 

.A region which has recentl~T been brought prominently into notice as a wheat-growing region, lying partly 
in Minnesota and l)artly in Dakota, is known as the Red Iiiver region. The most notable portion of this is the 
flat region extending on both sides of the Red river from lake Travers northward, wider upon the western than 
upon the eastern side of the river. This level portion, known to geologists as lake .Agassiz, is composed of black 
sedimentary soil, exceedingly fine in texture, and occupies what was apparently once a fresh-water lali:e, extending 
from lake Travers northward far into British America. The soil is deep very black containing some very fine 

l h . ' ' sane , w ich, under the microscope, shows that it is sedimentary sand. .A sample taken on the. Oheney farm, at 
Dalrym1)Ie, contained 4.82 per cent. of organic matter in the dried soil. The soils evidently contain a considerable 
quantity of lime, the amount apparently increasing as we go westward to the Missouri river. 

The famous Dalrymr>Ie farms, so prominently before the pnblic, are an example of wheat cultivation on a large 
scale. About 75,000 acres, belonging to several owners, are under the management of Mr. Oliver Dalrymple. They 
hacl in crop in 1880 about 25,000 acres, conducted in farms of about 6 000 acres each of plowed land. To each of 
these farms there is a superintendent. These farms are again divided into divisions of about 2,000 acres each of 
pJ~we~l laud? and eac~ subdivision has its own farm buildings, boarding-houses, stables, blacksmith-shop, and ~o o~, 
this size bemg considered there the most convenient, and as large enough for systematic management, while, if 
larger, the men might have to travel too far to and from their work. This region has only been in cultivation s~ 
~ears, the i:iost of the land less; so, as yet, there is absolutely no system of culture or cropping. The land IS 
simply pnt mto wheat. Summer fallowing will soon be resorted to but has not been as yet. 

~ ' 
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This management owns about 500 head of working animals, horses and mules. The :first breaking is by single 
plow. After this the plowing is done by gang sulky-plows, two plows to the gang, each drawn by four horses, 
and averaging about 5 acres per day per man and four horses. Two hundred pairs of harrows (Scotch, 72 teeth) and 

e hundred and twenty-five seeders (broadcast sowers) are used. They have one hundred and fifty-five self-binding 
onapers some binding with twine and some with wire. These have 62--foot cutting-bar; are used with three animals 
~~ the 'machine, each machine cutting and binding about 14 acres 11er clay. They work in gangs of twelve 
machines or upward, with an overseer (equivitlent to the California riding boss) to each gang, a wagon following 
with water twine, ancl other articles, and with a gang of shockers to set up the grain. They have twenty-six 
steam thra~hing-machines, each thrashing from 800 to 1,200 bushels per day, according to the condition of the grain, 

900 bushels being considered a fair nverage. Twenty-five men and twenty horses will run a thrasher from the 
shock and haul the grain to the railroad station, two or three miles distant. In this region the grain has to be 
cured in the shock; it cannot be thrashed directly from the reaper or harvester, as iu Oalifornia. 

The fresh prairie is broken in the spring, and the sod rots much quicker than the pmirie sod farther south does. 
If plowed the second time the first year, say six months or more after the first plowing, this second plowing is called 
backsetting. 

There are many wheat farms in this region, the product rapidly increasing. The first breaking, if by contract, 
costs from $2 50 to $3 per acre; breaking and backsetting about $4 per acre. .After the first year the plowing is, of 
course, cheaper. The cost of growing wheat per acre in this region was variously figured up at from $11 to $13 per 
acre, exclusive of hauling to the railroad. The yield in 1870 was about 20 busliels per acre. 

OREGON .AND W .ASHINGTON. 

The conditions of grain production in Oregon and Washington are very unlike those of Oalifornia, and also 
unlike those of the eastern states. With a milder climate in winter, the summer climate is also unlike. On the 
western side of the Oascade mountains the condition of grain-growing in Oregon is more like that found in the eastern 
states. The wheat produced is of excellent quality, and oats and barley are exceedingly heavy. Over a large 
region east of the Oascade mountains, on tlie volcanic pfateau l;ying on both sides of the Oolumbia and the Snake 
rivers, settlements anc1 wheat-growing are rapidly extending, and the region possesses a peculiar interest, inasmuch 
as wheat is grown there probably cheaper than in any other place in the United States, and is transported farther 
than any other wheat grown in the world. This region extends 500 miles back from the Pacific to tlie bon1E>rs of 
Idaho. The soil is derived from the decomposition of volcanic rocks, is very fine in texture, dark in color, of great 
fertility, and will probably prove very enduring. Sarn1)leS of virgin soil taken by me from an elevation of perhaps 
2,000 feet, between the Snake and the Pelonze rivers (between Lewiston and Union Flat), show by microscopio 
examination the volcanic origin of tlle son. The dried soil contained 6.4 per cent. of vegetable matter; anotller 
sample, near Walla Walla, 4.8 per cent. In 1870 an(l 1880 the princi11al drawback to this region was the distance 
from market and the difficulties of getting tlle grain to the seaboard. .As in all wheat-growing regions, the estimated 
cost of growing the wheat varied very greatly. The cost of l)lowing was generally given at $1 to $2 per acre; 
heading, about $1 50 per acre. This puts the wheat in the stack, but does not include the feeding of the hands, 
which is estimated at 50 per cent. more. Thrashing is generally done at about 5 cents per bushel. 

The crops are large, 30 bushels 11er acre being common, and a larger yield is not rare. One farmer visited 
figured up the cost of production at 27 cents per bushel, including sacks. He claimed that in some places in Walla. 
Walla county it could be raised for 23 cents per bushel. Various 11ersons put the cost of production between 30 and 45 
cents per bushel, the most of the testimony being that it could be grown at an expense of less than 35 c·ents per bushel, 
including interest on the land. A few, however, did not believe that this would cover the expenses on average years. 

This wheat plateau is entirely treeless, and the most of it lies at an elevation of over 1,000 feet above the level 
of the sea, some of it being elevated 1,500 feet. The wheat grown is mostly spring wheat; it is sown in April or 
al\J late as May, and harvested in August or September. The best wheat regions lie in valleys or on the successive 
terraces of this plateau. 

The wheat is heavy; the local millers say 61or62 pounds is common. It is apparently rich in gluten, f1nd the flour 
made ~rom it is very strong, bntis somewhat yellow. In the Californian and eastern markets this yellow color affects 
the price unfavorably, but its strength giyes it a popularity with those who know it, and in the English markets 
the color is less objectionable . 

.As transportation facilities existed in 1880, the transportation of wheat from Dayton or Waitesburg to .Astoria 
or Por~land, where it might be shipped, involved from ten to fourteen handlings, according to the way in which it 
was slnppecl, and the freights were f'rom $11 to $14 per ton of 2,000 pounds. The cost from Walla Walla to Portland 
~:s $~per to~, the many handlings making it expensive and causing n~uch waste. .At Por~lancl or .Astor.in wheat may 
T shipped directly to Euro11e, but previous to 1880 it was mostly shipped to San Francisco, and reshipped thence • 
.A. he P:esent year (1881) a large portion is shipped direct. Some wheat is sent down from near 500 miles distance from 

storia. 'l'his wheat, if carried to Europe by the ordinary routes, tra-vels more than 15,000 miles to reach the 
~?n~u~er, the actual distance often beiug considerably greater. The rapid extension of railroads bas already much 
immu:ihed the handling, aud soon the grain will go through direct. . 
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The wheat of western Oregon in some years will be mostly winter wheat of excellent quality; in others spring 
wheat, the fashion clianging. In either case the wbeat is very heavy, G2 and 6:3 pounds per bushel beiug· not 
uncommon weights, and the flour made from it is without the yellowish tillge of that made from the wl1eat east of 
the mountains. The crop is not subject to rust or blight, but is liable to smut, unless the seed when,t is blue-stoned. 

A reference to the tables will show iu some of the counties an enormously high production per capita. 

CALIFORNIA.. 

Wheat i)rodnction in Oaliforniai has increased so largely of fate years, aucl tbe methods and processes nro He> 

unlike those of the. other states, that they need special mention and treatment. The crop of wheat in Cnlifomia 
in 187fl amounted to 1,832,4-20 acres, producing 29,017,707 bushels. The avemgo prollnction per aero is sma11 (H>.1 
bushels per acre), but the aggregate production is large, and over portions of the state, where the yiel<l is mnall, 
the co:,it of production is light and the methocl exceptional; so that comparisons of profit from these Jignres, tlrawu 
from statistics of yield elsewhere, may be misleading. The production of wheat per head in some of the counties 
is enormous, being above 100 bushels in a number of counties, rising to a maximum of about i.HU bu:;lwls per lteacl 
in Oo1nSl1 county. 

The wheat is grown entirely in the valle.ys or upon a few of the foot-hills, the mn;ior portion being in the 
great ceutra,l yalley. The climate over the whole wheat region is one in which the ground fa rarely, if ever, frozcm in 
tho wiuter, nncl almost the entirf\ rn,infall is during the interval between the 1st of November ancl tho 1st; of May. 
The growing season of the crop is therefore the time of ;year when in tllc other wheat regions of tho UnitL•d Stutes 
it is wihter. None of this region was originally forest-chill. It moro resembled the pmirie region of Lhe '\:\rest, 
except that the native vegeta,tiou is mostly of annual species. The soil is exceedingly rich iu all that i>ertains to 
the minera,J constituents of fertility, but does not contain so much vegetable matter as the soils of equal fortility in 
colder elimates. 

In Los Angeles county, where the wheat is liable to suffer for lack of rain, but wltero, nevertheless, its cnlture 
is on the increase in the valleys, the San Francisco ranch may be taken as a sample. The ground is plowetl by gang
plows ancl sown broadcast at the rate of 4:5 pounds per acre. It is claimed by some of tho largest wheat-growers 
that this amount is better than more; that in the drier years there is not moisture enough in tho soil to bring a. 
larger amount to matmity. The wheat is extra-cleaned before sowing, and ttll treated with sulphate of copper 
(blue-stone), at the mte of 3 pounds of the crystals per ton of wheat. It is im~femble to sow just after the earliest 
rains have begun; but if they are long delayed, then the grain is sown on the dry ground. 'l,hat sown after tho lst of 
December is usually plowed in; th:it sown before is harrowed in, the earlier being consklered better as a whole. The 
sowiug of wheat may be said to extend from the middle of November to the 1st of February, and of bal'le.r from the 
same time in the foll until the middle of February or the 1st of March. The harvesting is done entirely by headers, 
the harvest men being employed for the time being, and living in camps in the fields. The grain is either thrn,sliecl 
as it is cut or fh·st l'ltackecl and then thraslrl.ed, according to the convenience of the operator. Twelve-foot heaclers 
are used, six horses or mules to each header, one such header cutting from 15 to 25 acres per day. . Three header· 
wagons are usually usecl for each header, each drawn by two horses (or mules), or four if the grouncl is soft or 11Uly, 
one driver managing them. The number of men in a crew varies with the local conditions. The header-wagons are 
un1oaclecl at the stack by horse-power. .A. netting of peculiar arrangement is laid in the box of the header-wagon 
before loading, and by a suitable arrangement of ropes and derrick the whole load is lifted bodily by horse-power 
and swung on the stack (or to the feeder if at the thrasher). 

On this ranch the following crew was at work at the time of visit: 

TADLE XXXIX.-HARVESTING CREW. 

Machinery. 

4 h11a1lors. ····················-··-··········· 

Number hands employed, 

4 drivers .• ·······-· .••..•.. ·-···· .. -· .••. ·---·· 

Number animals 
employed. 

4 londera ....•.•. ··-··· ........... ··-· .... ··-··· .................... ' 
12 hoacler-wagons ............................. 12ddvors .. -................. _.................. 24' 

2 staokors ··-··············· .. ······-··"'····· ................... . 
1 dorriok man ...................... _ .............................. . 
1 driver (to unload) , . . • • .. • • . . . • • . • • • . . . . . • . • • • 2 
1 ov~rsoer •.•.•..•••.•..•••• _ • . . . . . • • • • • . . • • • . . 1 

Toto.l ·······-··--···-···················· 25 men ..••••••.•••••••.••••••••••..••.••••••.••• 51 

The animals are either horses or mules. This crew was cutting and stacking from 90 ta 120 acres .per day, 
according to the grain aml the ground. 

Thrashing is done by the steam-thrasher ("straw-burners"), in which a gang of seventeen men' and twelve 
horses is used, as follows: One engineer, one fireman, one oiler, two feeders, two forkmen (to handle the grain to 
the feeder), two driYers (to work the horse forks), one sackman, one sack-tender, one water-carrier, one straw-
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buck (who hauls the straw to the engine), two laborers (to help fill sacks and do odd jobs). Twelve horses are 
used, six to tho water wagon, four to tho forks, which bring the grain to the machfoo, aml two to the straw-buck, 
which hauls tho straw to the engine. Tho amount thmsbed varies eutircJy according to the yield of' stmw in the 
pu.rtimdar year. 

The Odessa wheat is foe variety most cultivated in tho sonthern portion of California,, althongh numerous varieties 
are fmmd. In the San Ferna11do valley, \vhere wheat-growing is raphlly increasing, plowing is done with gang
J)lows, six or eight plows in a gang, drawn by eight to ten horses, according to the soil, with one man acting as 
driver, rilowing 3 or 4 inches deep, and ~werngiug iibout fl acres per day per gang, altlwngh 10 acres hi corrni<lered 
a fair day's work nrnkr good conditions. In tJlis Yalley iibont tho same rnlcs iiert:tin as to harvesting itnd heading, 
30 acres i1cr tlay with a 12-foot header and six horses being consi<lere<l n! good day's work, lmt the avt'mgo for tho 
sea:;:;ou is 1icrhaps not nrnch above 20 acres. vVith stcam-1;hrnshers, 40-inch c;ylirnler, 1,000 to 1,200 sacks of 2;!: brn,;hels 
cnch per chty arc thrashed; the average, however, for the season would not be above WO or 800 sticks per day. 

In the Kern Valley region, Mussel Slough region, and some other places, consi<lemble wheat is gTown by 
irrigation. The crops arc very large, and the qunlity is exceedingly good; bnt .tho proeess is in the experimental 
stng(•, nntl iudivid'nal views concemiug the best nrnthods are so conilicting that any statement of procesl:les, unless 
gfrcn in great <.fotail, would be of compiiratively little value. 

lu Colnsn, county the proclnction of wheat per head of population rises perhaps higher than in any other part 
of the world, amounting to 3Mi.8 bushels per inhabitant; lmt the figures are somewlmt misleading, from the fact 
tllnt mau,y of the men emplo;yccl iu harvesting do not f'orm a JleTm:wont port.ion of the l>opnlat.iou. 

Dr. Glenn, of this county, is reputed to be the lnrg·c8t whe11t-growcr in the sta,te, and the processes and mothocls 
u~t1d on llis ranch illustmte the system. Olnb is the fiworite Vltriety of wheat on this mnch. It is the most 
popnl ar, bemwse it does uot shell ont with dry winds if not cut as soon as ripe. A. l)Ortion of the land is snmmer 
fallo\ved, m1c1 in that case the ground is broken at any time clnriug the wet season, from antumn until Juno. If 
tilowed before April, it is replowed befo1·e the next sowing. If summer fallow is not plowed for its fhst plowing 
nntil u,fter the rains hn,ve ceased or about ceased, it is not rcplowed in the fall. The most of the plowiug is done 
with a gm1g sulky-plow, two plows in the gang, and 4 acres per clay are plowed on the average, 8 inches deep, with one 
nu:m and eight horses. They begin to sow on the dry soil in September if entirely ready, an cl continue sowing up to 
l!'ebr·mtry 10, if practicable, preferring to sow after the first showers, say during the first half of November. 
Bcco,,use of the greater rapi<li1;y of work, they use entirely a broadcast sower. Two men with ouo sower will sow 
100 u.cres per clay, which will be harrowecl-in by seven harrows (one hundred teeth each), each drawn by eight mules. 
1'he ground is usually harrowed once before sowing and once after sowing, but the 1il'st harrowing is omitted if it 
is in eepecially good order. All of the seed is treated with sulphate of copper (blue-stone), at the rate of 3 or 4 
potmds of blue-stone per ton of' seetl. 'rho seecl-wheat is run through a cleaner for extm cleaning, and then the 
blue-stone is applied by sprinkling the strong solution over the grain. It is dry enough to sow iu twenty-four 
hom·s. Ninety pounds of seecl per acre on summer fallow for the earlier sow11, or 100 i1ouncls for that sown as late 
ns February, is the rule. All the cutting is clone with hmt<lers. Sixteen-foot headers are used, six mules each, aucl 
three header-wagons per header if nets are used for unloading. The grain is all thrashed as it is headed, unless it 
may be that small portions are weedy aml the weeds need curing. The average for each 16-foot header is a.bout 30 
acres per dlty. With 44-inch cylinder ancl 20 horse-power engine from :five to seven headers are used; with the 
40-inch cylinder, four to six headers. With ~l 1.t.iuch machine, 26 horse-power engine, t.he ordinary crew is-

(1.) Seven headers, with 42 animals and 14 men. 
(2.) Twenty-one header-wagons, 42 animals and 21 men. 
(3.) At the machine, sixteen pitchers, one sepamtor man, one oiler, one engineer, one fireman, one derrick man 

with two horses, one man to handle the hooks, two straw-bucks with four horses, two sack-sowers, two sack-fillers, 
two SH.ck-buckers, one riding boss with one horse, and one water-cart with four horses. 

The engineer and the separator tender have each a l'iding horse. The total gang, therefore, would consist of 
32 men and 11 borses at the machine and 35 men and 84 horses at the headers; total, 67 men and 95 animals. The 
aYerage of this machine last year with such a gm1g was 1, 700 sacks, about 3,800 bushels, per day for the season; 
the average fol' one 40-inch c;ylinder was 1,200 sacks. I have made many inquiries regarding the nmximum amount 
of thrashing performed by any machine under the most favorable conditions in this country, and have no doubt 
but that the maximum has been reached on tllis ranch. It was with a machine especially constructed to order that 
Mr. Hoag, on July 16, 1879, thrashed 2,748 sacks, called 6,183 lmshels. The machine was a 48-inch machine, and 
the grain ·was headed, thrashed, sacked, a1Hl 1,000 sacks hauled to the river and banked. The crew used was an 
extra. large one, but it is impossible now to asccrt~iin the precise number. 

The grain is hauled to the Sacramento river and piled upon the bank. This is locally known ns "banking". 
'.l.'he banking ci·ew is of fourteen teams of four mules nnd two wu,gons each, fourteen drivers, and. a riding boss. 
From tlte rn!lchines, which are 7 miles from the river, this crew makes two trips, aml haul 1,680 sacks for a <ln,y's 
work. I~rom a nearer mnch, where the average distance is about 4 miles, three trips per clay are made, and 2,520 
sacks is the amount for the crew. From the riv.or bank the sacks are taken on barges clown the river. Tho 
average yield in 1879 was about l!} bushels per acre, that much being savecl; for 1880 it was a little better. 
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It must have been a bold man who first proposed using straw for fuel under the boilers in the dry climate and 
the winds of the great valleys of central California, but it is a great success, and its users claim that it is the safest 
fuel where the stubble and dry grass are like tinder. 

The dry climate of this state in the summer season makes the crops very liable to be destroyed by :fire~ and 
wit;hin the last few years grain insurance has been practiced in many parts of the state. In some regions one-half 
or two-thirds of the crop is now insured against fire. The system is a somewhat complicated one. The agents of 
the insmance companies estimate what the crop will probably yield and what it will be wortlt on the ground where 
grown, the cost of cutting, etc., being taken into account. The practice is on the increase at the present time, while 
as to its ultimate effects there is a considerable difference of opinion. Hiates vary somewhat in different parts of the 
state, being more where grain crops are very abundant and cover large regions thn,n where they are more sparse. 
The insurance is usually for n, specific time if the grain is in the field, either standing or in shock. 

As stated in another connection, the climate and the soil of California nre peculiarly adapted to wheat-growing, 
and the crops prodncell on the best soils and in the best years have, many of them, been marvelously large. Several 
cases have been reported to me, seemiugly well authenticated, of more than 70 bushels to the acre. I have personally 
seen crops reputed to be heavier than that, and there are various accounts of much larger crops. .How large crops 
have actually been producecl and wen authenticated I cannot say, but Hon. John Bidwell, one of the best known 
farmers of the state, at Chico, when premiums were offered bytlle State Agricultural Society, harvested upward of 
73 bushels per acre on 10 acres, measured, thrashed, and so on, in the presence of witnesses, and with the proper 
certifications as to authenticity. There is no Oa,lifornia farmer but believes that larger crops thrun even this have 
been grown. 

Combined harvesters an cl thrashers are coming into successful use in the great central valley. Many experiments 
have been made to thi8 encl in various grain-growing countries, without much success heretofore attending the 
efforts. The special conditions of topography, soil, and climate in California make their use pmcticable, and they 
have there been bronght to a successful development. Their use is so exceptional, their operations are so striking, and 
their promiso is so great, that a more special description here is justified. Comparatively few of these machines 
were in use in 1880, but I understand that sixteen to twenty were made in Stockton, where the patents are held, 
during the present year (1881). The machines, from their size, have to be put togother on the ranches where used. 
O. H. Hnflinan, esq., a successful farmer of Merced, has had much to do with bringing them into successful working, 
and those in use on his ranch in 1880 were specially examined and may be used for description. 1 

The machine is a header, with 18-foot cutting-bar, cutting while in actual use a fu1117i}-foot swath. The cut 
grain falls backward on an encUess apron, and by suitable devices is carried to the thrasher and separator, which 
stands upon a platform back of the cutting-bar, and parallel with it. The thrash01• has a 32-inch cylinder, which 
stands 11t the right-hand sicle of the platform, and the thrashed material is carried to the left and toward the 
standing grain; the clrnffand straw are sent clownwardinto the tall stubble, and the clean grain is delivered into sacks, 
which are sewed up by hand and thrown off on the stubble. .A man follows with a wagon and gathers the sacks 
into larger piles, from which they are hauled to the warehouse at the railroad. 

The power is furnished by twenty large mules, working ten abreast in two ranks. Ou another ranch I found 
a machine at work using but sixteen mules, but the power was too light for the work. On another, with eighteen 
mules, the success was better; bnt on Mr. IluJfman's ranch, with twenty mules, the success was complete, and the 
operation satisfactory. 

lfour men only are required for the whole work of the machine. First, a machine man, whose pface is on the 
platform in f-i·ont of the thrrn:iher and back of the apron, whose business it is to raise or lower the cntting·-bar when 
inequalities of the ground or of the grain require it, and to look after the working of tbe machine in general. The 
second man is the steersman, and he sits perched high above all the rest on the top of the separator, and steers with 
a horizontal wheel, which, by means of tiller-chains, is connected with a pilot-wheel at the extreme hinder eu<l of the 
machine. The third man is on the platform behind the separator, with a pile of sacks beside him and threaded 
needles ready for use. He fastens the sacks in place, opens the spout, and they are quickly :filled; witlldraws 
them, quickly sews them up, rolls them on a slide, and they glide away to the right, out upon the stubble, entirely 
beyond the reach of the machine. Where the grain is heavy this man's work is arduous. The fourth man is the 
driver, who is seated at tlle extreme rear and over the pilot-wheel, and either keeps that place or walks to one sicle 
or the other on the great whiffletree, to which the rear row of mules is attached. An impression of the gigantic 
size of the machine is gained from these whiffletrees, which are 22 feet long, 92 inches wide, and 3j! inches thick, 
and play on a, "tongue", or ''pole" (if such it may be called, by which the whole machine is pushed), which is of 
oak, and nearly 9 inches square. The iron pilot-wheel, at the rear of this tongue, has a V-shaped face, which 
-Outs into the soil, and, being on a swivel, guides the machine. The large platform on which the thrasher is placed 
travels on two great iron driving-wheels with broad faces, placed 14 or 15 feet apart, the right-hand one of 
which drives the cylinder and the left-hand one the separator and its appliances. The outside dimensions of this 
machine must be very great to accommodate all the parts, and the great platform which carries the sep1arator must 
lle high enough to accommodate the driving-wheels beneath. The whole weight is estimate<il at s,ooo pounds. 
With a power of twenty mules, the motion of the cylinder is as steady and uniform as wi~h the ordinary stationary 
horse-power or steam-th.rasher. 
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The machine, when seen at work in a field of some thousands of acres, and under the conditions of Oalifornia 
topography, which admit of such wide ancl distant views, presents a striking aspect. The enormous size of the 
machine, its length and breadth and heigh1; looming up over the plain; the great breadth u,nd impressive character 
-0f the team itself, twenty large mules driven in two ranks ten abreast, the separator towering high above the 
standing grain; the loud !nun of the monster as it steadily and majestically sweeps over the pla.in; the cloud of 
<lust that marks its progress floating away on the breeze; the broad swath, more than a rod wiue, which steadily 
goes down before it, and the sacks of grain, cleaned for the market, rn,picUy gliding from its side and strewed 
:along the way, make it, all in all, the most, impressive piece of machinery I have ever seen at work. 

The persons using it stated tlrn.t under favorable circumstances the machine cuts 40 acres of wheat per da,y, and, 
judging from its rate as I saw it at work, I estimate tlrnt it was doing at least that. Mr. Huffman states that the 
.average work last year (1880) was 3() acres per day. I was informed by the workmen attending it that four men 
were thus ca1iable of cutting, thrashing, cleaning ready for market, and s~wking from 800 to 1,400 bushels of grain 
.per chLy, according to tlrn yield of the crov and the condition of the land. It is only fair to say tlmt the actual work 
.of the machine is much greater in bushels than might be inferred from the twerage yield of grain in the state, 
Mr. Huffman's wheat going much above the average yield. 

The advantages of such i1 machine ine manifold, prominently the small amount of human labor as compared with 
tlle amount of grain harvested; the diminution of risk from fire, which in that state is com1iclerablc; ancl the ra1iidity 
with which the grain ma.y be marketed, it ::;ometimes happeuing that gTain standing in tl10 field in the moruing is 
.ship1mc1 ancl the warehouse bills received from tide-water the same night. It is eminently probable, therefore, that 
'their use will exte.nd in that state. 

DISEASES OF WHE.AT. 

The diseases of wheat; most common, not only in this but in other countries, are classed, respectively, under 
'th~ bead of smuts and rusts or mildews. 

RUS1' OR MILDEW. 

This tlisease is produced h;y a parai:litic ftmgns attacking the stalk and the leaves. There are several species 
·which effect tllis, but so far as investigated the principal damage in this country is done by a minute parasitic 
·fungus known to botanists as Pucoinia graminis. Iu this country, owing to its reddish or russet-brown color, the 
·disease is more commonly known as "rust", but in Bngland it is more commonly known by tlle very loose term 
''mildew" (from the German mchl-thau, "meal-dew"). What in England is called "rust" is a disease of' loss 
•importance, caused by u.uother genus of fungi (Triohobasis), one not troublesome in this country. 

In all countries some varieties are more susceptible to tho disease tlum others. .As a whole, those which have 
·soft stalks . are more liable to it than tho harder stalked kinds, and wheat growing on low grounds with much 
veget11ble mold is more liable to be cfomagecl than that on uph1ud. The climate, however, is the important 
·element in the development of this disease. Hot, muggy, <h1mp weather, occurring after the blossoming but 
before the ripening of the grain, is the most unfavorable. The damage is most liable tO occur after the grain 
-is partially formed, and is in the milk or in the donglt, as the ca.se may be. 

U1Jon no fact in agriculture has there been more persistent variety of opinion than in regard to the natlll'e and 
>()rigin of rust or mildew. The parasitic fungus is microscopic, and is l)l'Oducecl from s11ores which have been 
produced by previous plauts. These spores obtain access to the wbe11t-11hiint (but precisely how this takes place in 
natnre is not as well <leterminccl as we could wish) and germinate in tho juices beneath the epidermis. The 
rust-spores commence their life there in little colonies, which cause, in the first place, a brown swelling beneath 
tho epidermis, which soon splits at this point. The edges are theu rolled back, and the growing fungus protrudes 
its hel}ds and stalks to the open air, where it fruits, producii1g spores. The vegett1tive portion of this fnngus (the 
'lnyoelimn) grows within the tissues of the wheat-plant, and ramifies among tho living cells as the roots of an 
·Orclhmry 1)Iant ramify in the soil. It not only absorbs the juices of the when.t by its growth, lmt it also, to a 
greater 01' less extent, kills the living cells with which it comes in contact. rrlte branches of m1;ooliit1n which push 
·out through the ruptured epidermis fruit, each bearing a small spore-case, or head, as we nmy call it, u.ud theso 
.spore.cases produce two minute spores, each so exceedingly small that, once iu the plant, they min circulate in the 
.sap. These fungi aTe so small that their nature can only be discoveTed by the microscope, and bP.f'ore the 
investigations of science mildew and mst were po1mlarly believed to be due to the bursting of the sap-vessels by 
.a superabundance of sap, the rusty spot which appears upon the outside of the stalk l>eing considered merely 
the dried sap. Very many farmers still hold to this theory, although the true 1rnture of' the disease has long been 
known. 

In the first book ever published on the microscope ('llficrographia, by R. Hooke, London, 1665, p. 121) he 
·describes as a minute vegetation the blight on rose-leaves and some other leaves, and gives pictures of them; and 
.althougll the absolute proof that they were the cause and not the result of cliseune was not proved until the present 
•century, it is enough in this place to say that numerous investigations have demonstratecl beyond any doubt 
whatever that the disease is due to the parasite, and not the parasite due to the disease. 
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It flourishes best on some soils simply because on such soils the growth of wheat is more rank and 3uccnlenb' 
and the conditions are more favorable for the parasite to get a foothold and live. It also has a better chance to
gain access to the plant in clamp weather. Bright sunshine and dry a.fr are unfavorable to its development. 

Up to the pn'sent time there is no remedy known. It is well proven that some varieties are much more liablo· 
to be 11ttackerl than others. A variety may for a time be partially exempt and then be attacked. Moreover, a region 
may become infected. In new conutries the wheat often escapes the rust for some considerable time, n,rnl then the· 
disease begins and contiuneR. .In }1lly such region the difference between different varieties is at first very 
marlrnd as to their liability to this disease. In Oalifornia, in Oregon, and in similar regions, tho testimony is 
well.nigh universal that di1forent varieties are very unlike in their tendency to this disease, while in tlrn older 
states, like New York, Ohio, aud even Illinois, the testimony is by no means so uniform, large numbers assuming 
that there is absolutely no difference. 

In answer to question 03 in tile special schedule, "Did some varieties of whoa·t suffer more than others (from rust 
or mildew); and if 80, which suffered most, and which least~" iu some regions tho testimony was almost universuUy 
"Yes", but tile number of persons in some grain.growing regions who stated that all varieties were attacked nlike· 
was very large. In New York, in Pennsylvania, and in Indiana a farge number answered ''No". It woul!l seem 
that 11 region may become so inf'ectetl with the spores that all varieties may suffer from the disease; yet I thiuk it 
proved that there is a difference in varieties as reganls liability to rust, aucl there is much effort to find some that 
are "rust-proof''· As yet this has not been successful. A variety may be sometimes found which for a while is nearly 
rust· proof', bnt with cultiva.tion, in a region where rust prevails, it gradually becomes less so. Others, witl1ont ever 
being rust.proof, are nevertheless less liable to rust than their neighbors. 

All of the very numerous experiments that have been made on experimental farms, at agricultural colleges~. 
ancl by imliviclual farmers in the region east of the great plains liave settled nothing of general application. Tliey 
show that in particular localities some val'ieties rust more than others, butt.he variet~' which rusts in one locality 
very badly may enjoy comparative immunity in another. 

From a very ettrly date it has been believed that an application of lime or of salt to the soil diminishes the· 
liability to rust. We have no specific, but any treatment of soil which tends to harden tho stalk diminishes the· 
liability to rust. 

The effect upon the crop is, that it causes the kernel to shl'ivel. If the disease is severe, and begins sufilciently 
· early, the crop may be very small indeed, tile grain very shrunken, the amount of starch in it very small, and th& 

Jlonr macle from it of poor quality. If the disease strikes the crop late in its growth, the general experience has 
been that the best thing to do is to cut the crop as soon as possible, no matter how green. We lack experiments 
scientifically exact in this connection, but it is a popular belief, and many farm experiments apparently confirm it, 
that wheat cut so soon as rust strikes it, supposing the grain is then well in the milk or dough, does not shl'ink any 
more; that all of the grain formed up to that date is retained; whereas, if it is allowed to stand, it becqmes more· 
shrunken, the parasite removing bJr its further growth a portion of the contents of the grain {Llready formed. 

There is a curious history connected with the belief that rust in wheat may be in some way related to the 
presence of barberry bushes, or rather to their flowers. This widespread belief among farmers has been the· 
subject of numerous statutory enactments against these bushes, both in the Old World and the New. 

Scientists for a long time denied this inference in toto; they could see no possible connection between the· 
blossoms of a bush imd the blasting of wheat. An investigation a few years ago by one of the most eminent 
fungologists of the world proved that the farmers were right and the theorists wrong; that the special fnugus. 
which constituted the rust of wheat could exist also on barberry flowers, but in that place was so disguised in form 
that its nature bad not been recognized, aucl that this form produced spores, which, in tum, could infect wheat. 
How liable wheat is to this form of infection is the subject of a fresh scientific investigation now in progress . 

.A. disease of wheat, known in certain places in the southern hemisphere as "take all", is believed to be cause& 
by a parasitic fungus which preys upon the roots, as rust and mildew prey upon the leaves and stalk. We kuow 
of no development of that disease in this country. · 

It is propor here to say that, so far as science has yet been able to discover, a.ll of the rusts, mildews, rots, andi 
some of the blights of plants, are oecasioned by parasitic fungi attacking the living host ancl injuring it or destroying 
it by feeding on its juices, changing their chemical character aml inducing death or decay in the tissues. All of' 
these fungi live only on some other living creature. They elaborate no sap of their own from soil and air, but live 
only on that elaborated by the higher order of plants. Their general mode of growth may be deRcribed thus: 

A spore differs from a true seed by physiological differences which we need not here discuss. .A.s higher plants. 
are produced from seeds, these are produced from spores, the spore being much simpler in its structure than the· 
seed, very much smaller, and in many respects resembling the pollen grain of tho higher plants. The vegetative· 
portion of these fungi, that which corresponds to root, branch, and stem of the higher orders, we call the spawn, or 
myceliu1n. This constitutes nearly the whole plant, and is the portion which does the damage. The spores are
merely thereproclnctive organs or seeds, and in some classes exist of several kinds. Of la.te years the study (If this1 

class of plants bas excited very much attention, and there are various works treating of them which are accessible· 
to the farmer; but from the exceeding clifficulty atb:mding their study, the many forms which some of them assumer 
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i;lie smallness of thei.r par'js, and the patience required to observe and investigate them, it is not likely that the farmor 
can ever devote mncll stud~T to them. Ile will luwe to accept the conclusions of· the scientific men, and profit by 
them so far as is possible. 

SMU'.1'. 

The general name smiit is used ii: this country to designate a class of diseases which attack the seed, known 
in other countries under various names, "bunt," "charbon," "coal," etc. The effects are seen in the grain, which is 
entirely clrnng~d in its character where the disease has been complete, and in the case of wheat t1le kemel is changed 
somewhat in its appearance-is shorter, JJlumper, and slightly d~n·lrnr in color, and when opened the interior is found 
to be entirely filled with a black or Y(~ry dark-brown powder, fine as lampblack, and somewhat greasy to the feel. 
The starch a.ml gluten of the interior of the gra.iu have been entirely consumed by this parasite, all<l its place is 
occupied b;y the spores and mycclimn of the fungus, which together form the black powder spoken of, only the bran 
of the original grain remaining. 

w·e have more definite knowledge of this disease than of rust, and the whole life history of the plaut is 
rcasonabl,y well known. It was long ag·o known that sowing smutty seed produced smutted grain. Hartlieb, in 
his Legacy of Husbandry (London, 1065), callml attention (page 10) to the fact, and further says that according to 
l:folmont it was not ki1own in l!'rance until about 1530. 

Modern experiment has proved thn.t the disease is orllinarily communicated through the seed. Wheat moistened 
an<l rolled in smut llef'ol'e sowing may be so completely infected that nearly every grain of the next harvest will be 
<liseusecl. · All the smuts belong to the genus Ustilago; wheat smut to the U. segetum. Its spores are rough, sticky, 
as if greasy, and ouly one tweuty-eight hundrellt,h of an inch iu cliameter-a minuteness one finds it difficult to 
apprecia.te. Imght millions of such spores can stand on a square inch of surface. When smutted wheat is threshed 
the grains burst, and these spores adhere to the sound grain; aml when this is sown as seed, they enter the young 
lJlaut a.nd develop wit.hin during the growth of the wheat, and, like a poison, circulate with its juices, ttncl ultimately 
tlx themselves in the kernel, which they change in nature and fill with the black powcler already spoken of, 
consisting mostly of spores ready to produce a new generation. The orclinary fal'lner first sees symptoms of this 
disoaso in the ripening grain, but the experienced observer can find its traces long before, particularly in the flower, 
where the mycelimn, like minute spiders' webs, entangle the stamens and pistil. The immature seecl also changes in 
shave, an(l ii:i shorter and bluer at the base; the ptlirasite, however, comes to maturity with the maturity of the grain. 

'rhe remedies which are efficacious are applied to the seed grain, and, fortunately, for this disease we have several 
-0omplete remedies. The)T all consist in souking the seed in some solution which will kill the Rpore without injuring 
the vitality of the seed itself. Many methods have been used from time to time, but two are so much superior to 
all others thus far devised that there are scarcely any others now usecl, at least in this country. Both are effective. 
~he most common is to wet the seed-wheat before sowing in a solution of oopper sulphate (mtlled ~tlso sulphate 
of copper, blue vitriol, ancl blue-stone), using at the rate of two to four ounces of the sulphate per lmshel of 
secd-whea.t. Three ounces per bushel is the common amount, a few ushlg as low as two, n.ncl mauy as high as four 
ounces. Thel'e are se\reral ways of applying it. Sometimes the sulphate is clissolvecl in water to lli saturated 
solution. This is then dilute<l with au eqtutl volume of water and sprinkled over the wheat in a pile, which is 
stirred and shoveled until all the grain is moistened. This is the least effective way of doing it. In one or two 
cases I have known a smn.11 stream of such solution to be ruu in a trough along which wheat was moved by an 
endless screw, which stirred it up. Another method, imrticularly where wheat is grown on a large scale, is to have 
the solution in ll:t.rge quantity, of about the strength of half satura.tion, in a large tub, say a hogshead sawed in 
two. The wheat, in sacks or in n. basket, is lowered into this solution until entirely wet. It is then removed, tho 
surplus allowed to drain off, and the grain thrown in a pile or left standing in the sack until the next day before 
sowing, this last being simply that tho grain may be in a better condition to sow. , 

The second process, also practimtlly effectual, is to use a solution of strong brine, insteacl of sulphate of copper. 
'£his method has been known for centuries, and is said to have been discovered by sowing wheat for seml which 
hiul been acciclentally wet in salt water by the sinking of a vessel. To be effective, the brine needs to bo strong and 
the gmin thoroughly satumted with it. Where tllis process is used, it is quite common that the brined wheat be 
thrown out upon a floor and carefully limed by sifting slaked lime ove1· it. The proceRs is undoubtedly a good one 
for the crop, but, so far as the smut is concerned, the lime is unnecessary. 

The following experiment, which is taken as one of many which haye been placed on record in agricultural 
publications, illustrates this: 

On a given farm (in Virginia) 120 acres of land were sown to whea.t. The seecl use(l on 40 1wres was soaked in 
strong brine and sown without lime. At the next harvest this was almost free from smut. r.rhe seed for the second 40 
acres was soaked in a weaker brine au cl was then limed before sowing. On this the ensuing crop was somewhat smutted. 
On the remaining 40 acres the seed-wheat was first soaked in water and then limed. On this portion the crop was 
badly smutted. Tbe use of lime on wheat at the time of sowing in this way undoubtedly strengthens the young plant, 
and has been recommended for a Yariety of reasons. It is popularly believed that ill hardens the stalk and makes it 
less liable to damage from even rust an cl insects; but if these effects follow, they a.re the indirect result, caused by 
the good effects of lime on the wheat-plant, rather than the direct specific action of the lime on the fungus itself. ,, 
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In former times grain that was badly smutted was frequently the cause of disease when made into bread; but in 
modern milling its effects are completely removed, so that the loss and damage is only that which falls lll)On the farmer .. 

No general rule can be given as to whether uplands or lowlands are most affected by smut. Undoubtedly the
wheat on lowlands is more liable to rust and mildew, but it is not, as a whole, more liable to smut. The driest hiU 
land is frequently that which is most badly smutted. Farmers in one region believe that uplands are more liable to. 
smut than lowlands; in other regions, the reverse. 

The other misba.ps to which wheat is subject are so various, anll usually so far beyond the ordinary care of the 
farmer, that they need not be discussed in any detltil, the most common one being too great drought during some· 
period of growth. There have been a few cases where injury has been done loca.Uy by very late frosts after the
wheat was in flower. 

WEEDS INJURIOUS TO WHEAT. 

The weeds which infest the wheat crop may be divided into three classes: those which choke the crop, and! 
thus rob it of a portion of its nutriment; those which interfere with the llarvesting and curing; and those whose· 
seeds, mingling with the grain, injure its grade. 

Regarding the first and second, only general rules can be given for their management; that is, better cultiva
t.ion. Weeds which infest and choke the crop in one place are not those which infest it in another, ancl each has, 
its own method of treatment. There are scarcely half a dozen weeds that seriously affect the quality of the grain, 
by mingling their seeds with the wheat: 

First, the wild garlic (1Uliu11i vincale), occasionally found in the eastern portions of the United States, a.fleeting, 
the grain by imparting a peculiar flavor to the flour. Weeding by hand and sowing clean seed are the usuaL 
methods of eradicating the weed from the :fi.elds, and summer fallow helps the process. 

Second. Cockle (liyohnis Githago ). This is sown with the wheat, grows along with it, but its hard, black seeds. 
i:ajure the looks of the grain and of the flour. Various machines are devised for removing the seecl from seecl
wheat, and the plant is so unlike wheat during its growth that it may be pulled by hand. Two met.hods are· 
resorted to : a careful screening of the grain and the weeding of the crop during growth. Tlle seeds are hard 0ind 
peculiarly tena.cious of lifo, and may lie dormant in the soil for many years; so that when once in the lancl it 
requires many years of faithful and persistent warfare to eradicate it, but it can be done. 

Third. Ohess, or "cheat" (Bromus secalinus). Tltore has been more discussion over this woecl than oyer any 
other in existence as regards the permanency of species. It is a kind of grass growing with the wheat, looking· 
so like it during its growth that the most experienced farmer can see no difference. It occurs so extensively,. 
and its powers of reproduction are so much greater than wheat, that there bas been for a long time a widespread 
belief that under certain circumstances wheat will turn to chess. The literature of this subject is a curiosity 
in its way, and, is very extensive. It is enough here to say that no scientific man in tho world believes such a,, 

transmutation 'ever takes place, and those farmers who hold to the same idea have been most successful in its. 
eraliication. The only way of exterminating it, when once in the h\ml and in the crop, is a persistent warfare· 
against it and the sowing only of clean seed. A. portion may be screened from the seed-wheat, the seeds being 
smaller than the grains of wheat, but not quite all is removed in that way. One of tho aclvantages of carefully 
brining wheat at tllC time of sowing is that if the wheat is allowed slowly and carefully to mn into the strong brine· 
the chess floats and ma.y be skimmed off'; and this process is sometimes pursued by careful farmers, who secure the· 
double or treble advantage by this i)rocess of an antidote for smut, the removal of the chess :from the seed, and the· 
removal of such other light or imperfect grains as would float on the strong brine. 

In Oalifornia another species, belonging to an entirely different genus (Loliii1n ternulcntnm.), is known as chess;. 
and, curiously enough, the same arguments are there used to prove that wheat will turn to t11at chess that in other 
places are used to prove that wheat turns to the other chess. 

Both of these species, especially the true chess (Bromus), are much more prolific than wheat. Individual 
examples are not uncommon where several thousand seeds have been produced by a single plant. In one which. 
I examined personally about 3,000 grains were matured from a single plant, which is about one hundred and :fifty 
or two hundred times as prolific as the average wheat crop. ' 

Owing to the reasons already mentioned, the crop of a new region is more exempt from weeds than one longer· 
in cultivation. Then, as a result of carelessness in sowing, the weeds in time increase, ancl the usual history is. 
then a :fiercer strnggle with them for a time, followed by a diminution of foul stuff in the grain. 

INSECTS INJURIOUS TO WHEAT. 

The following memoranda pertaining to insects injurious to wheat in this country are f'rom Professor 0. V •.. 
Riley, of the United States Department of Agriculture : 

'l'HE HESSIAN FLY (Ceoiito1nyia, destl'uotoi·, Say).-Ordet•: DIPTERA; family: CECIDOlliYIDAJ:. 

This celebrated pest was first known as doing serious damage about the year 1779 in the vicinity of New York. 
The question as to its importation is at present a disputed one~ 'ro-day its injuries are most marked in the grain
mising areas of the middle and northwestern states and the adjoining regions of Canada. It is found, however, allt. 
through New England, as far south as Texas, and a:s far west as western Kansas. 
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The eggs are laid in winter wheat about the middle of October in the northern sta.tes (this period, as well as the 
following ones, varying, of course, according to ln.titude) on the leiwes at the base of the plant. In from one to two 
weeks the larva hatches and works its way to the nearest joint, where it ftxes itself and remains till full-grown. 
The full-grown larva is whitish in color, oval-cylindrical in form, and measures about 41111

" (0.15 inch) in lengLh. It 
assnmes what is called the "flaxseed" form about December. The larval skin hardens and turns brown, arnl witllin 
it the larva transforms to a pupa after several weeks, the fly-a small, d"N.sky midge-appearing in April or May. 
The flies issuing at this time pair ancl lay their eggs both in spring and in winter wheat, their offspring assuming the 
fl.1txscecl state in June or July, and the adults again n.ppearing in September or October. Two parasites (Semiotell1ts 
destruotor, Say, and Platygaster error, Fitch) infest the Hessian-fly larvro. 

Remedies.-Burn stubble immediately after harvest. Sow as late as possible iu the fhll. Sow a strip of wheat 
aronnd the borders of the field in early fall, planting the remainder late and plowing under the ftrst sown strip in 
November. 

See Fitch, N. Y. State ..A.gr. Soc. Rep., 1862 (7th), p. 819; Hn.rris, Ins. Iuj. to Veg., p. 568; Packard, Bull. U.S. 
Ent. Oom., No. 4 (Dept. Interior, 1880). 

THE WHEAT MIDGE (Diplosis i1·itici, li:irby).-Orclor: LEPlDOPTERA i family: C1ccrnoMYID..E. 

The wheat midge was first known in this country between tke years 1820 and 1830, when it was iruportecl from 
Europe, where it hacl long been known. It is closely allied to the Hessian fly, with which it was formerly consi<lered 
con generic. It .is single-brooded, the eggs being laid in June in tbe blossom of the wheat. The larva feeds upon the 
forming graiu until it reaches full growth, at which time it is about 3lllm (0.1 inch) long; it is reddish in color. 
Before lrnrvest t.he larva drops from the wheat head to the ground, whicl1 it enters to the depth of an inch or so to 
transform, spinning first a delicate silken cocoon, to which are attached many particles of earth, rendering it very 
clifilcult to find. In this cocoon it remains unchanged until the following spring·, at which time it transforms to the 
pup!!> state, and gives out the iiy soon after. 

Of late years the damage from this insect has not been at all g'l'eat, but formerly the midge was considered as 
by far the most prominent of the wheat enemies. For instance, in 1854 the damage to the crop in New York state 
a.lone amounted to $151000,000. Three Emopean parasites of the midge have been described, but none are known 
with certainty to infest wheat in this country. 

Remedies.-Deep plowing in the fall or spring. Sow wheat as late as possible in spring'. 
See Fitch, Trans. N. Y. State Agr. Soc., 1861, }l. 745; Harris, Ins. Inj. Veg., p. 591. 

THE JOINT-WORM (Isosoma hordei, Harris).-Ordor: HYMENOP'rERA i family: CHAWIDIDA!l, 

The joint-worm, in spite of its position in a parasitic family, has been quite satisfactorily proven to cause 
occasional great damage to wheat, barley, and rye. Fitch described the insects infesting these three crops as 
distinct species, but Walsh afterward proved them to be identical. 

The adult insect Ia.ys its eggs in May or June in the stalks, usually just above the first or second joint from the 
gronucl. The larva., hatching, works in the internal substance of the stalk, forming a little swelling·, deforming the 
stalk, and destroying its vitality. When full-grown, it presents the appearance of a :rather stout yellowish-white 
maggot, 3mm (0.12 inch) long. The great majority of the larvoo remain in this state through the ensuing 
winter, but a few transform and issue as flies the same fall. The pu1m is at ilrst light colored, but becomes black 
as it advances in age. Walsh has described a parasite (Semiotellus oltaleidiplia,gus) which issues from the swellings 
of the joint-worm in June, and two other undescribed parasites lrnve been mentioned. 

Remody.-Bnm all stubble and refuse straw during the fa.11 or winter. 
See Hltrris, Ins. Inj. to Veg., p. 5130; Fitch, Trans. N. Y. State Agr. Soc., 1862, p. 830; "'Valsh, American 

Entomologist, vol. I, 1869, p. 140; Packard, Rept. U. S. Gcol. and Geog. Surv., 1875, p. 693. 

THE CHINCH-BUG (Bli$BUB leuooptcncs, Say).-OrdClt': HEMIP'rERA; family: LYGJEIDllU, 

The chinch-bug made its first itppearance as a destructive insect almost simnltaneously with the Ilcssian fly, 
with which for a long time it was confused. It is an indigenous insect, and is now found in all pm'ts of the Unite.(! 
States east of Oolorad0, its injuries being more ma1·kccl in the older WGstem states. Its eggs are laitl in spring, in 
clusters, either above ground, on the blacles of grasses and grains, or (normally) undergronm1, on the roots of the 
infested pfants. Tile egg hatches in two weeks, ancl the bug occnpies six weeks in attaining full growth. When 
young, it is bright red and wingless; when full grown, bhtcldsh, with white wing-covers, each with an oval blacldsll 
spot 011 the lateral middle. During the whole course of its growth it is an active feeder, sucking the juices of the 
plant and causing it to wither. There are two b1·oods a. yem· in. the more northern states, nnd probably three in 
the southern, the first brood maturing ordinarily soon after the matming of spring wheat. . 

The adult insects of the second brood hibernate under dead leaves, sticks, stones, in bunches of dead grass or 
weeds or straw, and often in corn-stalks and stubble. EieavyJ.>ains are dmitructive to the bugs, and their hrjuries 
are alwa.ys more marked on dry, loose soil. It injures only grasses and cereals. 
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Remedies.-Burning of rubbish ancl clean cultivation iu general; early sowing (winter wheat is less sub~eot to 
attacks than spring). Migration from one :field to another can be prevented by a line of coal-tar kept m01st by 
frequent application, or by a plow-furrow, in which straw should be burned as the bugs acm:mnhitl~. 

See Harris, Ins. Inj. Veg., 198; Fitch, Trans. N. Y. State Agr. Soc., 1855, p. 509; Hiley, 2d Ann. Hevt. ou 
No:x:. Ins. of Mo., V· 15, 1870; 7th Rept., p.19, 1875; Le Baron, 2d Aun. Rept. Nox. Ins., 111., ll· 1•1~, 187~ i •1'l10mns, 
Bull. 5, U. S. Ent. Comm. (Interior Dept., 1880). 

THE ARMY-WORM (Leucania unip11ncta, Haworth),-Orcler: LEPIDOP1'EHA: family: NoCTUIIM~. 

The "!trmy-worm" is a name a11p1ied indiscriminately by agriculturists to several distinet. Slleeies north nml 
south but the use of the title amouO' entomologists is restrioted to the "northern army-worm'', somut:imes &o called, 
which does it~ principal damage :inong the cereals in the states north of rrennessce. The l'ggs nrn laid in t1m 
spring in the folded basal leaves of grasses and grains; they are white in color, almost splwrictt~ in form.' m~tl ~.0•11• 
{0.02 incll) in diameter. The worm, hatching, feeds upon the leaves of i•he plant, arnl r<.md1es it~ full imrn m fro~n 
two to four weeks. .A:t foll growth it is 38'"'" (1.5 inch) long, and is striped with bhwk, yellow, and g'l'<~m1, m 
varying proportions. It goes into the ground to transform to a dark brown pnpa, h!suing as a, l~1oth in. from .one 
to three weeks. The moth is stout-bodied, dull brown in color, with a white dot in tho center of each ior<l wrng, 
and measures about 45mm (1.75 inch) in wing expanse. 

The name of "army-worm" is applied from the fact of the frequent appoaranco of these larvru in greM 
numbers when they march from a devastated field in immense armies. 'rhe lmmbtw of lm>o<1s in ti ;reiw is at 
present l;ndecided. There are certainly at least two broorls in the more northeru states, and three or l'our fu.rt:l1er 
south, varying with the length of the season. The injurious brood is not necessarily tlrn first, but nrny bn the 
second or the third. The question of hibernation is also still a mooted one, but it seems probnhlo, fl'Olll lat.t1st 
developments, that the insect may, and does, winter in all three stages of hwvn,, impa, arnl moth. 

The parasites of the army-worm are very numerous and important, bnt we must refer to tho hibliogmpbical 
list for their discussion, and also for the discussion of the theory of climatic influences. 

RemedieR.-Oonfine the worms to fields in which they first appear by ditches or plow·furrows, iu which straw 
should be burned as the worms accumulate. In fields upon which there is no ho1)e of saving tho crop tho worms 
should be destroyed by burning over, by poisoning with Paris green or London pm·ple, or by rolling with ltca.vy 
rollers. 

See Fitch, Trans. N. Y. State Agr. Soc., 1861, p. 855; Hiley, 2d Ann. Bept. on Nox. Ius. of Mo., p. 37; also 
8th do., pp. 22and182, and Proc. Am. Ass. Adv. Sc., 1878 and 1880; also W1Llker prize oss:i;r, lloaton Soc. Nn.t. 
Hist.; Packard,· 9th Ann. Rcpt. U. S. Geol. and Geog. Surv. Terr., 1875, i1. 690; Comstock, Dcrlt. Agr. Hept.1 

1879, p. 187; Flint, ed. Harris Ins. Inj. Veg., Appendix.; Thomas, 6th Report State Entomologist, Illinois, p. liCI; 
also 7th ibid., pp. 33, 1077 119; also 10th ibid., p. 

THE PALL AR.MY-WORM (Laphygma frugipwda, Sm. and Abb.).-Orcler: LEPIDQl>'r.I<}RA; family: NOC'l'Ullltlt. 

This insect, also known as the "grass-worm" and "southern army-worm'', is a very gcmora.l i'ccder, and is 
only occasionally injurious to wheat. Only the southernmost portion of the wheat-growing area is subject t.o 
injury. The eggs are deposited in sma.JI clusters, covered witll downy luiil', upou the loavos of grasseR, grains, 
vegetables, or fruit trees. Tlle larva is much like the true army-worm, l>nt difl:'crs in that it docs not becourn qnlte 
so large, and that it is furnished with a few sparse, stiff hairs; it is varhible in color. 'When full grown, tho lm•vn 
enters the earth to trausform. The moth has an expanse of wings of about an inch and u, half; t.lrn fore wiugs ure 
dark slate color, with lighter markings (very variable), and the hind wings are white. There are soveral broods in 
the course of the season, and the insect probably winters iu the pupa. state. The same rmuedies nm,;)· be used ns 
for the trne army-worm. · 

See Riley, 3d Mo. H.ept., p. 109, under the name of P1·odenia autum.nalis, 11. sp.; also 8th Hept., p. 48; Glover, 
Agr. Rept., 1867, p. 59; French, 7th Report Stltte Entomologist, I11inois, p. '.19; J>hnres, Dr. D. I1., Iturnl 
Carolinian, Aug., 1870. 

THE WHEAT-HEAD ARMY-WORM (Le1teania albilinoa, Gnonee).-Orcler: LEPIDOP1'ERA; family: NoC'l'Ull.l~. 
This worm seems never to have been particularly injurious before 1872, bnt in that year and in tho few :nmrs 

~ollowin~, it clicl considerable damage to wheat, on.ts, barley, and timothy in M~ryland and P~nns~'lvania1 nuci nlso 
m 1876 m Kansas. The slate-colored eggs are laid in rows between the sheath and stalk of some grass or grain, and 
the newly-batched larva feeds at first upon the leaves. After it is half grown, however, it feeds almost exclusively 
•1po~ th~ heads i, hence its popular name. The full-grown worm is a11 inch and n quarter long, nncl is striped 
lo11g1tudmally with sulphur and straw yellow, light and dark brown. It pupates under ground. The moth bas 
pale straw-colored front wings, with an indefinite white line running from the middle to the outer t11ircl. There are 
two broods a year in Kansas, the insects hibernating both as pupm and as adults. There are several parasites. 

Remeav.-Late foll plowing and harrowing. 
See Riley, 9th Missouri H.eport, p. 50; Packard, 9th Aun. Rept. U. S. Geol. and Geog. Snr\,

1 
p. 712; French, 

G. H., 7th Report State Entomologist, Illinois, p. 223. 
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THE ROCKY MOUNTAIN LOCUST ( Ca1opten118 Bpl'ctus, Uhl).-Orclor: OliTHOPTERA; family: AcnIDID.iI!l. 

A discussion of the ha,bits of the Rocky Monnti1in locust, or "western grasshopper", as it is frequently called, 
1tncl oftlrn remedies for its ravages, woula be out of place here, in considemtion ot' the Missouri reports on the subject 
and IWey's .Lo01ist Plague in the United States, ancl espeeinlly of the two cxtei1sive volmMs recently publisbecl 
by the government, an<l which are now being distributed (a) i so we slrn11 content ourselve::i by referring all iuterested 
to those publications. See iirst and second rcporhi United States Entomological Commission on the Rocky 
l\fonntah1 Locust: Department of the Interior, Washiugton, 1878 and 1880. 

THE STALK-BORER ( G01•ty111i uit1da, Gnon1u).-Ortllir: LEPIDOPTgRA; farnil~': NOO'l'UIDM. 

The stalk-borer larva, when full grown, is 37mm (lj! inches) long·, and thicl~ in proportion, and could not, 
consequently, attafo its full growth in a Rtulk of wheat Ilence we find 'that while it occasio1rnlly does considerable 
damnge in the wheat-field, tlrn hirvm, when half grown, leave the :stalks to fiui::ih theil' growth iu some one of their 
numerous other food-plants-corn, potatoes, toma.toe8, eocklelmr, mg-wet~d, aud various plants cultivated in :flower 
gardeus. The color of the borers when young is livid, with light lougitn<lilml stripes. v\Tlleu full grown, they 
become lighter and the longitudinal stripes broader. 'l'hey nomrnlly enter the ground to p11p11tc, but occasimmlly 
rei1rnin in tlw stalks. 'l'here is but one brood a sear, and the rnothis hillcr1intc. The moth is of a. mouse-gray color, 
with m1 arcnated pale line rnuning across the outer third of the fom wings, 

Rcmedy.-Tbc only remedy yet suggested (cutting the borel'.s out by lrnn<l) is, of c01m:ie, utterly useless so :flu as 
wheat is concerned. 

See Hiley, 1st Hept. Nox. Ins. Mo., p. fl2; also Bulletin G, U, S. Bnt. Com. i Le Baron, 2d Rept. Nox. Ins. Ills., 
p. 141; Smith, 7th Rept. Stttte Eutomologist Ills., p. 112. 

'fhe following species nre of minor importance, u.ud never n,:ll'oct tho crop so seriomily as the preceding: 
Drr10srn CAr.uPTERA, Fitch.-Es~uy on tbc wh011·t; 1ly. Am. Qnart .• Tonrn. Agr, mul Soi., 184ti, II, No. 2. 
DIPLOSIS GltAMlNIS, Fitch.-Ncw Yo1·k St.ut.o Entomological Roport.H, VI, ]L 00. 
Drl'LOSitl INIM1CA1 Fitcl1.-Nuw York Stitte Eut;omologicnl HL1port.111 VI, p. 81'3. 
IlYLli:lllYIA DI-CEPTIVA, Fitcl1.-Nliw York State Entomologic11l R<lport11, II, p. :~01. 
lIYLlCMYIA SIMI LIS, Fitch.-Nliw York Stlbt.c Ent.omological RnportA, II, p. 301. 
ORCINIS COXENDIX, Fit.ch.-Now York Stn.tu E11ton10logic1Ll lfoportA, II, p. :!01. 

OsCINIS CHASSIFEMORIS, Fitch.-·N<lw York St.n.tll Entomologicttl Heport,s, II, p, 801. 
MEROMYZA .Al\mRICANA, l<'itch.-New York St11tu gutomologi<ml lfoport.s, II, p. mm; Riloy, Fkst RGpor!i Nox. Ins. Missouri, }1. 159. 
Sll'HONELJ,A om~sA, Fitch.-New York Stnfa1 Entomological Roporl:H, II, p. ~9ll. 
Cm.01mPH ANTBNNAI.rs, Fitch,-N!lw York St;1Lto 1'}nton10logicn.l R(\ports, II, p. :JOO, 
Cnr.oHOPS l'ltOXIMA, S11y.-.Jonrn. Aen<l. Philu., VI, 187; Eel. r,uc., II, :l70; ]1<1port; Dnpt. Agric., 1879, P• 257. 
cm.ouoPS TIBIAi.IS ( VsciniR), Pitch.-Ncw York Stntn Entomologicm.l l~nports, II, P· aoo. 
SAI'llOllYZA VULGAmS ( Ohlai·ops), l~itch.-N<•W Yodc St11to Bntomologieal Heports, II, J). :JOO. 
AGROMYZA •rm'rICI:, Pitch.-Ncw York State Bntomolugieal H.oportl:l, II, p. :io:~. · 
TIIE GRAIN l'J,AN'r-r.ousin (Siphonoplw1·a all()lllW), Fn.hl.'. 

Tlw grain pla11t-lic11 during tlrn <'!trly part, of th<J 11oaHon fontl singly upon 1;ho l<l11vcs nncl st:11lks of gr11hrn ancl grnsHes, autl a.ro gmouisb 
in color. As soon !Ll:l tho gruin lwaclH nro prot.rmlcd from Uuiir Hlwn,tl11'l Uw liuo congroga.to npon thmn null chnngu to n.u om11gt1 color. 
Tho~· hihorna1;o in a wingleHs st11t" npon tho root11, m11l tlrnro is 11rol111bly u.lso 11 wint.or egg. It ill IL!l Enroptlttn Hpecfos, bnt whotlrnr 
hl1portt!c1 into this conutry or not; iH nudcci<lml. 

Seu Fitch, Nflw York Shito Entomologiunl Ruports, VI, p. 01; Om:ti!i, 1''1um Insects, p. ~00; 'l'hmnaB, Slih lfopli. Stato Ent., Ills,., 11. 51; 
ll1wltton1 Mouogr. Brit. Aphiclos, I, p. 117. 
Sl'JmNOPUOJtUS ACULI"rILIS, Uhler.-8co Col'll Immcts. 
Trrn I>ESTHUCTIVB l.I~Al'·IIOPPEU ( Oica<lulci e.citioRa ), Uhlur.-Sce Uhler, Hiley in Amorican I~utomologlst, III, p. 78; Comstock, Rcpt. 

Dllpt. Agr., 11::179, l>· Hll. 
DmPllOCI~PIIAr,A l'LAVICrws, IWoy .-A1110rien11 Entomologist;, III, 11. 78. 
'fmm•s •rm·rwr, I<'itch,-Now York S1:!1to Eui;omological lfoport, II, p. 30,1. 
Coumnnurs THmASCrATA, Fitch.-Now York Stnt!l JDntomologicnl RGJlOrt, II, p. :.10<1. 
Cm tl'OllMS.-Scc Corn Iusccts. 
'Y1RlMVOlt:\!S.-Sco Corn I1JRectll. 
LocnsTs OTlIIUl. 'l'IIAN ROCKY MOUNTAIN ( Caloptenus fomn1·-1·ul!r1im, C. atlanis, C. c1((fe1•c11tia.li8, Acriclimn a11wl'icanum, 01:dipo11a at1·ox, 

1i·a.11oceplrala t'fridijaHciata, Galoplcuus bMtatlus).-Soc 1H1i Heport Unite<l States I~uto11.ologic11l Commission, 1878, For locusts in 
C11lifornln, sco seeou<l rnport; of 8nrno, 1880. 

Tim \V1~STEUN cnrcKICTS (.d1uib1·us simplc;v 1L1Hl p1w1rnrasei:ns).-Sec 2c1 Report Unitct1 Rtat.es Entmnological Comu'iiHsi~n, 1880, ii. Hi:!. 
MonMIDEA (01rnALUS) 'l'Yl'ImA.-Seu Glover, Rnpnrt Dcp11rt111011t, Agritiultnrn, 18G7, p. 71. 
llAl\l',1Lus CAI.IGINOsus (found occa8ioua.lly to foe<l upon wheal•, although 110rmn.lly a carnivorous 11,ml prc<littnry beot.le).-S<lo Glover, 

Report Department of Agricnltme, 1868, p. 80; Riley, American Entomologist, III, mul Amoricnn Nn.t,umlist, .April, 1881. 

INSECTS INJUR.ING S'.l'OR.ED wn:rnA·.r. 

THE .ANGOUMOIS GR.A.IN MOTH (.Gelcohia cm·ealeZla, Oliv.). This is quite a celebrated European i1es1;, but was 
many years ago brought to this couutry, and has become thoroughly naturalized in the mo1·e southern states. The 

·---------------------------·--
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larva is very sman, tine!' white in color. It attains its growth within the grain, a.ncl also transforms to \)U{i\\ 

within it, :first, howeYer, cutting a'hole through the hull to enable the future moth to make its exit. The moth is 
small ltncl delietite, and is of a uniform {lull yellowish brown, with a satiny gloss. See Fitch, Trans. N. Y. State 
Agr. Soc., 1861, p. 8 t::J. · 

Trr:m LITTLE GRAIN MOTJI (1'inea g1·anella, L.).-See Harris, Ins. Inj. Veg., 1st ed., p. 496; Glover Agric. Rept., 
1855, p. 08; isn±, p. mm. 

Besides thesl', moths tllere is a large number of beetles injurious to storecl grain, prominent among which aro 
Oalanarn oryzw, C. uranarill and 0, romote-pimctata, Sylvaniis surinam.ensis and S. quadricolUs, Sitodrepa 11anicet1., 
an<J mdny other Ptinid8, Tenebrionic1s, aml Oiiroiilionic1s, which it would be a waste of time to s1)ecify. See C\wthi.1 

Fn,rm Insects; Glover ou the Food and Habits of Beetles, Agric. Heport, 1868. 1' 

• 
EXPORTS OF WHEAT. 

Before, the American Revolution the exports from the colonies consisted almost entirely of the products of the 
soil aml of tlle fisheries. Of the former, wheat aml whmit :fionr were the most important, although there. wero 
sometimes consillerable exports of Imlfan corn and corn meal. In tho:;;e days northern Burope bought practic~dly 
no breadstuffs from ns. · Onr exporte(l grain nrn1 flour went to sonthern Enro1)e-Portngal, Spain, antl the i)o1·ts of the 
Mecliterr:tnean-aucl to th13 West Indies, p,ncl a considerable amonut went to supply the European fishiug~vessels nlong 
the American coast. Philaclelphifl, wns tlle place of largest export, "the capital of tl1e corn connt1-;y ," as it WM 

.desci'ibec1 in those times. The following scattering figures, mostly taken from Observations on the Oommet'ae of tlia 
.United States, Lonclon, 1783, illnstmte some of the colonial grain exports. It is prnctical1y impossible to mako 
<1om1)lete tables for colonial days. The tables from particular ports and iu particular ~'eats, however, are reusoua!Jly 
complete. The amouut of flour exportecl from New Jersey in 1751 was G,424 barrels. There was exported from 
Philadelphia and New York £LS follows: 

'l'AilLl!l XL.-EXPORT OF FLOUR FROM PHILADELPHIA AND NEW YORK. 

--"';;?,';; 

From Phlludo!Jlhiu. Whe£1t. Flour, Ilrend. From New l!'ork. Whont. FlOUl'. 131-end, 

B1tsliels . Barrels. .Barrels. Jfasliels. 1Jar,rela • .Barrel8, 
.A.pril 5, 1705, to April 5, 1766 .................. 367, 522 148, 887 SI}, 736 July 5, 1765, to July 5, 1766 .................. 100, 666 70,GM 17, 
Jnnunryli, 1771, toJn'lmwy5, 1772 ............. 51, 690 252, 744 88, 320 During your 177'1 ............................ 350, 000 llfi, 635 ' ...... ~ ~ .... 
Jnnnnryu, 1772, toJnuunry5, 1773 ............. 02, 012 284, 872 50, 504 Dnrlng ye11r 1775 ••••••..•••••••••.•••••••••• 700, 080 104, 857 ............ 
Jnnnnry5, 1773, toJnnunry5, 1774 ..••••••••••. 182, 301 265, 067 48, 183 

-M~" 

Virginia wheat had a high reputation, ancl for some ·time preceding the American Hevolution it is stated that 
800,000 bushels were annually exported. Tile work previously cited states that winter wheat was not cultivatecl 
in Uanada during its possession by the French; that its cultivation began in 1763, and incrca.secl rapidly, so that-

Iu 1774 v11st,quantitios of both wiutor and summer whoat woro exported, not less than 500,000 bushels, with wliioh above 11 Jrnnilred 
-vessels woro loaded for Enropo, h,esiclea whut was sent in flour ancl biscuit to the West Indies, ancl 100,000 bushels wero left iu l1and for 
wa.nt' of ships to export them (0bB€'1'Ualfons on. Ute Commerce of the A.11icrica1i Colonies, Lonllon1 1783, page 45). 

The early years of .American iuc1epenc1ence were years of very great depression. At first the country was 
:floor.led with European goods, aucl the political disturbances in the Old World, with various other causes, mado 
hard times in Ariierica. Tile tables of exports (Tables V to XIV, pages 4 to 0) of this report show the exports of 
wheat from 17!JO to the present time minus a very few years. It will be noticed from those tables that the exports 
of g;raiu and flour fluctuated enormously from J'ea1· to year during the whole of the first half century of the re1mblie, 
and that they were very small compa,recl with moclern figures. For example, the exports of wheat and corn in the 
year 17!JO"a,monutecl to 3,2:!6,595 bushels, and of wheat flour and corn meal to S24,596 barrels-that is, three ancl a 
quarter millions of bushels of grain, with flour enough to make folly as much more-while in 1798 and 17!J!J the 
exports were only 15,000 and 10,000 bushels of wheat, respectively, and much smaller shipments of corn than wero 
exported on the :fi.rst <late; and similar fiuctuatiomi ·mark the whole of' the period named. 

· The exports of' wheat and wheat flour, by decades, is given in the following table (compiled from the tables 
just cited), with values since 1820. It will be noticed that for the first half century of our national existence the 
aggregate amounts exported each ten years did not materially increase. This was partly due to the condition -0£ 
the markets in tbe Old World, th~ existence of the corn laws in Great Britain, etc., but more largely to the methods 
of production an<l transportatfou then existing, as is sufficiently discussed in another connection. 
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T.t1..nL1n XLI.-EXPORTS OP WHEAT AND WHEAT FLOUR SINCE 1780 (BY DECADES). 

Yolll'. Wheat. '\Vhciit Hour. Totnl viiluo. Yonr. WhontJlour. 
-----------·------·-------· _____ ,, _____________ -----·-----·----· 

Bushels. Bai·1·cls. 
1790to1790 ..................... . 
lBOOto 1809 .................... .. 
1810 to 1810 •• "t"" ................ .. 
1820 to 1820 ..................... . 
18:10 to 1830 ............. _ ...... .. 

6, 357, 100 
3, 110, 070 

1, 3HO, 3~0 
170, 272 
781, 415 

--~·~,--·----------·-·--- ._ .............. C ........ . 

7, 085, 000 
s, oa:1 1 121 

7,447, 007 
0, OU2, 020 

8, 00·1, 820 

$4R, 4011, orio 
52, 080t 005 

1840 to 1840 ...••.•••••....•..••• 
1850 to 1830 .................... . 

1800to1800 ................... .. 
1870 to 1870 .................... . 
1880 ............................ . 

BlUTISil WHEAT PIWDUO'l'ION. 

lluslicl!J. 
14, 2·l3, 705 
fil, 700, 030 

1s1, oso,mm 
550, 707, 121 
ma, 202, 100 

Barrels. 
10, 071, 570 
27, 701, 038 
BO, 300, 781 
37, 117, 241 

0, Oll, 410 

87 

Total vnluo. 

$1~0, 110, 658 
243, 380, 450 
472, rmu, 8·10 
02::1, 1a.1, mm 
2~5, 870, 002 

, ___ 

As our wheat export is so inthrnttely connecte<l wit,11 tlrnt of tho product.ion and wants of Great Britain, the 
three following tables, compilecl from those in tho Jonrncll of the Stcitistiaal Society for December, 1880, m). ()<13, 070, 
will be of interest to the .. A.morican form or. Only those iignres of more innncdia.te interest in this special co1111ection 
are here given, bnt we will S<ty, in the way of genern,I cxplauittion, that tho tables cited show that Englmul produ1ws 
about 90 per cent. of tt'M the wheat grown in tho U11iLcd Kingdom, :md that Scotland, vVr1Jes, Irelancl, tho Clmnnol 
Islands, aml the Isle of Man nJtogether produce only 10 rier cent. England also vrodnces al>out 70 per (mnt. of the 
burley, but onl,y 38 per cont. of tlto· oats, Scot.land vrocl1rni11g vastly more oats, relatively, than of tho other cereals. 
The g-raiu production of Irclr11111 is comparatively small, aml from year to ymw fluctuates more than does that of 
Great Britain. ' 

The following table shows tho acreage of tl10 three l11'incipal cereals, along with a few of the other crops and 
groups of crops, for the years 187!) and 1880, for E11glnnd, for the island of Grc!Lt Britain, au<l for tho United 
Kingdom (the latter term including Great Bl'itaiu, Ireland, tho Oh mm el Islnntls, and tho Is lo of Man). It is 
understood tlta.t tlrn ''total area." (in the upper line) means the area of land, including mountains, woods, roa<hi, 
etc., and the term "under crops, fallow, and gi'itss," very uoa.rly, although not exactly, corresponds to our term 
''improved land": 

TAill.E XLII.-TOTAL AREA AND AOI{EAGJ~ UNDER CHOI' IN ENGLAND, GRl~AT BRITAIN, AND 'l'HE UNI'l'ED KINGDOM 
l!'OH 18t:IO AND um. 

E11gl1t111l. G1·cnt Brltnln. Unltml Klngtlorn. 

------ --------------
1880. 1870. 1880, 1870, 1880. 1870. 

Totnl areii ......................................................... u~. 007, ooo 32, !i07, 000 5a, 815, 000 56, 8lii, 000 77, A20, 000 17, 820, QOO 

Total Mreago nndor crops, follow, ancl grnss ....................... 2·.l, uoa, ooo 2·1, 604, 000 32, 102, 000 !JI, 97B, 000 47, 087, 000 47, ·137, 000 

Wheat ............................................................. 2, 740, 000 2, 710, 000 2, DOD, 000 2, 800, 000 a, ooo, ooo ll, OfiG, 000 

Bnrloy ............................................................. 2. 061, 000 2, 2au, ooo 2, 4m, ooo 2, 007, 000 2, 005, 000 2, 032, 000 

Oats ........... ......... 4 ................................................. l, 5~0, 000 1, 425, 000 2, 7D7, 000 2, 057, OllO 4, 102, 000 a, 008, ooo 
Totni ''com" orops, including beans nncl ponso .................... 6, OO•l, 000 7, 114, 000 8, 876, 000 8, 085, 000 10, 072, 000 10, 777, OllO 

Totnl grDOn crops (potntoes, roots, cnbbiigll, rnpo, etc.) ............. 2, 650, 000 2, 7:17, 000 3, 477, 000 3, 554, 000 4, 745, 000 4, 872, 000 

Clover, grass, nml sninfoin uuderrotntlon .......................... 2, 6411, 000 2, 075, 000 4, 434, 000 4, 47!1, 000 O, USO, 000 0, 4fll, 000 

Permaucnt pnaturoa (not including hcnth or mou11tnln laud) ..•.. _. 11, ·lil2, 000 11, 234, 000 14, 427, 000 1<1, im,ooo 2•!, 717, 000 2·1, 300, 000 

Fl1u, hops, 1111cl b1u·o fallow ........................................ 836, 000 7•JO, 000 880, 000 706, 000 1, 003, 000 OH, 000 

---~·--------~--~-----------·--·-·· ... ·--~------ ------· ·---·-·~ 

In the above table tho "corn crops"~1wlude wltcttt, oats, rye, beanA, and pease; tho green crops 11otatoes, 
turnips, swedes, carrots, cabbage, kohl·r~tbi, rltpc, vetehes, and other green crops, oxceiit c1ovcr ltnd gr~•ss; and thll 
permanent pastures mean those not broken up in i·otation, n.nd uot including heath or,rnountri,in html. 

Under tho pressure of American competition, combined with ba<l lutrYests for a few years past, uotwithstn,rnling 
tho increased demand for homo consumption a marked decrease in the acreage sown to cereals has taken place, and 
along with it a more than corresponding increase in permanent pastme lands, the reclaimed land going farge1y 
into tha.t class. In Great Britain, as everywhere else, railroads have cluwgetl the character of local competition 
as much as they have tho foreign competition. British breeds ot sheep for mutton and cn.ttlo for beef lnwt1 been 
especially note(l for excellence for the last hundrocl years, yet the true mmiagomeut of' live-stock was au art 
confined to a few localities until ritilroads equalized tlte pl'ico of men.t throughout the island. The pressurll of 
American competition was felt in cenml production befoi·e it wits in meat production, anc1 tho attention of British 
farmers w~1s turned, therefore, iu the direction of inereasecl pasturage ancl increased live-stock productiou. It is 
probable that this change will continue to go on, as both the climate aml thl\ soil of Groat Bl'itain are particularly 
f!1vorab le to the production of men.t. 'l'he grain competition of tho western states produces precisely dmihu· clrnnges 
in the eastern states to tllose produced in Great Britain; there is a. relative inm·caso in the permanent pastures. 
In England the cnltivat.ion of barley increases with the diminution in wheat. production, and the same thing ocnurs 
in the middle states. If tllo Hessian fly and other insects ravage the wheat crops beyond certain limits, then 
barley ancl pastures take its place. · 
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For some years past the commercial devartment of the boanl of tratle has submittetl "tables of agricultural 
returns" for the year, the data for which itre obtained throllg·h the officers of the inland revenue department. 
These a.re colleeted on the 4th day of June. 

The following table gives the acreage of the three lH'incipal cereals in Great, Brititin (not for the whole United 
Kingdom) from 1871to1880, inclmiive, arranged from the more detailed tables previously cited: 

TAnLE XLIIL-TOTAL ACREAGE UNDER WHEAT, BARLEY, AND OATS IN GB.EAT BRITA.IN "FROlvl um TO 1880, INOLUSIYE. 

-"=-==~=-~~- -··-···- ··--o----·--·---=•=======================~======= 
Year. Whent. 

----------------·-------·--- ------

1871. ........................... .. 
1872 ............................ .. 
1873 ............................ .. 
1874 ............................. . 
1875 ............................ .. 

Acri,s. 
3, 571, 804 
3, 508, 057 
31 400, 380 

3, 030, 300 
3, 3•12, •181 

Ilurlor. 

Ae·rea. 
2, 885, 783 
2, 316, 333 

2, 335, 913 
2, 287, 087 
2, 500, 701 

Outs. Year. 

Acres. 
2, 715, 707 1870 ............................ . 
2, 705, 837 1877 ............................ . 
2, 070, 227 1878 ..... ··-··· ................. . 
2, liOO, 384 1870 ............................ . 
2, Oo.i, 009 1880 ............................ . 

-----~-·------------~----~-----~---------'-

The estimated acreu.ge, yiehl, ttnd prolhi'et of tlle whole United Kingdom available for bread for lt series of ;years 
are given in the following table to illustrate the rcln,tiou between production and consumption, since that country " 
has been so large a consumer of American grnfo. Tho larger quantities are given (as in the origina.l tables) in 
"i11~lH.Jrial quarters" of eight "imperial" bushels, this quarter being 405 pounds. These estimates u.re given from 
18GU, since which time the agricultural returns have yearly given the number of acres sown. Tho cstimatecl home 
Jlroduce available for home consumption is the estimated amount produced minus tho mnount required for seed: 

TADLE XLIV.-ACREAGE UNDER WHEAT IN 'l'FIE UNITED KINGDOM, YIELD, PRODUCTION A VAILABT~E FOR BREAD, AND 
IMPORTS. 

Yonr. Acres. 

-
Estimnte(l 

n· homo produce 
lcl 11.vnilahlo for 

Estlm 
ted yio 
per net ·o. homoconsump· 

tion. 

------- --------·------
1866 .................. .. 
1867 .................. .. 
1868 ................... . 
1800 .................. .. 
1870 ................... . 
1871. ................. .. 
1872 .................. .. 
1873 ................... . 

B, 661, 000 
a, <Mo, ooo 
a, 051, ooo 
3, 082, 000 
31 77B, 000 

B, 831, 000 
a, 840, ooo 
a, 010, ooo 

7 
5 

4 3 

2 
3 

2 

7 
2 

7 
3 

2 5 

11, 440, 000 
10, 300, 000 
15, 790, 000 
12, •JOO, 000 
14, 100, 000 
11, 970, 000 
10, 110, 000 
101 550, 000 

·- ··-
I 

Import-a of ' 
whcl\tan1Hlour1 
derlm·tiug ex-

ports. 

7, coo, 000 
9, 010, 000 
7, 880, 000 
0, 580, 000 
7, 950, 000 
9, 320, 000 

11, 720, 000 
11, 230, 000 

~--------'---- --------·· 

Year. 

1874 ................... 
1875 ................... 
1876 ................... 
1877 ................... 
1878 ................... 
18,70 ................... 
1880 ................... 

... 

.A.ores. 

B, 833, 
3, li14, 
3, 12<1, 
a, a21, 
8, SBZ, 
3, OuO, 

3, 000, 

000 
000 
000 
000 
000 
000 
000 

' Estimntccl Imrorts of 
Est!mn· homo produce wh~ll and (\cmt 

toil ylel1l l\V\\ilnblo for rleduotlng ox-' 
per aero. homotlg~~ump• ports. 

Bl 18, 7~0, 000 11, ().t(), 000 

23 0, 124, 000 rn, o4o, ooo 
27 o, 005, 000 12, 150, 000 

22 0, 432, 000 14, 503, 000 

30 ll, 825. 000 14, 417, 000 
18 5, ODO, 000 16, 400, 000 

26 5, 114, 000 15, o~o. ooo 

Tho average amount produced for the first five yen,rs of the above titble, avnifable for home consumptiont 
amounted to 12;842,000 quarters (102,nl>,OOO lmshehi), the imports amounting to only about two-thir(\S as mu~h, 
while for tho last six years the average production amounted to ouly 9,192,000 quarters (73,530,000 bushels), and 
the averng·e importatfons to about 14,500,000 quarters (llG,000,000 bnshels). For the very la1:>t years the available 
}WO<luctiou amounted to on1y about one-fourth of the total consumption. 

The amount used for bread is somewhat differently estimated by cltferent l)ersons. Mr. Lawes estimates it at 
5~ bushels per capita of popnh1tion, but most writers place it at 5~ bnslrnls. The amount, however, has doubtless 
increiisecl of late years, as the coarser gniins are usecl less an cl le1:>s for bread. 

WHEAT PRODUOTION OF THE WORLD. 

Since the great moverncnt of grain, by steam, estimates of the wheat production of other conntries have become 
one of the necessities of trade and eommerce. Before thn,t a short crop in any conntr;r meant short bread in that 
country, it might be fa.mine; now it\ ii.w,n.ns imports from some other eountry so soon as the i1rices will warrant it 
ancl eommerce wishes to be prc1mrecl for such contingencies. .As a result, the demaucls of trade have obtained 
what science and philanthropy failed to do, a.ncl estimates are carefully prepared of the production of breadstnffs in 
all fancls. The occasional cemms enumerations, ancl the records of exports and imports, etc., are checks on the 
yearly estimates ancl give the data for revision. 'l'hirty years ago English statesmen regretted that there was 
absolutely no meanR of knowing the amount of breaclstnf'f produced in the kingdom nearer than a wild guess, but the 
wants of eommerce lell to the ga.thering of "agricultural returns" each year. These took a 1wactical shape al,ont 
1865 or 1866, itncl have been improved since. .At first they were the estimates of variotrn officials scattered tllronghout 
the kingdom, aided by iihc estimates of private individuals. Now, the agricultural returns are in part estimates, 
au<l a.i·e in pn.rt based on the actual statements of t.he amount of1and under the various c:rops, an(l almost a1)proacll 
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actLml statistics in accurn.cy. Estimn,tes are now -preparetl in every civilize.cl emmtry by one or another ldml of 
orgauiza.tiou; sometimes by g·overmnents, as is tlte case with our Agricultural Department, 11ncl at other timos by ,
couunercia.l ot· trade organizations. For obvious reasons these mitimates, founded so largely upon hnman jndgme11t, 
must be somewhat indefinite and vary according as nrnue by this or tluit str1tistieian. 

The following table gives two estimates of wheat production in the principal whcn.t-growiug conut.rieH of the 
world. The Jirst !tnd third colnmus were the estimates of 1878, published in the (Jzuirtorly Report: of "tlw Ghiqf of 
the Biwecm of Statfatics, Trensiiry Depa.rl'lnetit, for the three months emUng Se1)tember 30, 1879, pn,go 118, from the 
French jour1rnl, B?tlletin clos Halles. 'rhe second an<l fourth columns nrll estimates publii:;lJed in the .lhcllotin i{e.~ 
Ha.lie,,. ot 1lfarelws, November n, 1879, copied in turn by tlie Journccl of tho 8tatiNtioal Booioty qf' Paris, .faurnu',y, 
1880, tH1d the Quarterly Report of tho Chief of the Bic.roa1t of 8tatistfo~, :rrcasirry Dcprwtmcnt, for the three lllOnths 
ending December 31, 1870, page 226. The bnsllels, in even thonsauds, are ealenlated from tlie Jrnktoliters of tile 
original tn.bles. ~rhe two columns of estimates of iwera.gw,Yem·s are givon to illnstrato both the differences and the 
agreement of such estimates: 

'l'ADLE XLV.-ESTIMA'fED WHEAT PRODUC'l'ION OP VAIUOUS UOUN'l'HIES. 

Estimatml JDstlmntml 1Gstln111ted Esthn11tod 1Gsthnntml IDatln111tml Estlmntm1 1Dstim11tetl 
:Enroponn countl'ios. nverngo !t\'Ol'!tgo Cl'O]l oJ' crop of Enro}lOU.11 oountriea. lLVtll'Hp;O 11.Vlil'ftg'O erop of crop of 

crops. crops. 1878. 1870. Ol'O{JH. erops. 1878. 1870. 

----- ······- ------·-------·- . -·- ·- -----·---· -····-----··-- . ~--·-~---.-· .. ---···- ·--··--.-.,~-·~--·· .. --~-···~~- ---·-··-·-..-

Iltts/!clH, lJtt•hcls. Bushclu, JJmhcls. Jlnslwls • llnshcls. lhtslwls. li11shel8. 
.AuRtdn·IInngnry ....•••. 101, 750, 000 10ri, ooo, 000 110, 000, llOO 70, 4iiO, 000 Rwitz11r!nlJ(\ .•......... 2, 3:17, 000 !J, 412, 000 1, 870, 000 1, 8·Hi, oou 
Belgium ................. 23, 3i5, 000 24, 121, 000 23, 375, 000 18, 4·10, 000 ~'n.rlrn,v in Bn1·opo ....... 41, 2ii0, 000 112, fi07, 00 0 38, fiOO, 000 ao, so~. ooo 
DL•lllltnl'k ................ 2, 75fl, 000 2, 830, 000 :J, 7fitl, 000 2, 8:18, 000 Othm•cnuntl'lcH(l~nropcl G'Jil, 000 608, 000 [i,10, 000 008, 000 
l!""t'iflllOO ............................ 2s1, a::!5, ooo 200, 317, 000 2201 875, 000 ~17, 003, 000 --------·--- ''" ···-- ----· 
Gcrmnny ................ 121, 000, 000 124, 80i, 000 .12a, 750, ooo 113, fil:l, 000 

•rotnl Bnro110- ......•. 1, 171, 700, 000 l, 2lol, 4•Jr., 000 1, 11 r., 870, 000 003, 501, 000 
. --------·- ... .:-.--:.·.:.:...:.:: .... ..: .. ..;::... :.. 

-~--- ·---
Grcnt Ilrltnln ............ 101, 750, 000 ror., ooo, ooo ltll, 750, 000 50, no.1, ooo Otlwr cnuutrios: 
Grnocn .................. •I, IJ50, 000 5, 108, 000 •1, 812, 000 -1, 257, 000 Austmli~ ............... 10, 500, 000 17, 027,0UO l\l, t1UO, 000 18, •14\i, OU~ 

Itnly .................... 107, !!liO, 000 110, 075, 000 104, nuo, ooo sri, 1:rn1 ooo Algmfa ................ 2·1, 700, 000 21i, r;.JO, 000 21, 0251 000 21. 28!, 000 

Notborlnnus ............ ................ 5, ~.mo, ooo ·············· 4, 257, 000 C1111nd11 ................. 10, liOO, 000 17, 027, 000 10, 600, 000 17, 027, 000 

Norwny ................. :J70, 000 283, 000 270, 000 283, 000 l~g~]>t ................... 16, 500, 000 17, 027, 000 11, 000, 000 14, 180, 000 

l'orlugnl ................ 8, !.!50, 000 s, rim, ooo H, 2001 000 7, OOJ, 000 Unltod StntllR .......... 302, i>OO, 000 •125, 073, 000 330, 000, 000 425, 01a, ooo 
Romnnnil\ ............... 33, 000, 000 3·1, 05·1, 000 37, ono, ooo 28, 378, 000 OLlwr countries ........ 8, 250, 000 8, til3, 000 8, !?50, 000 a, tila, ooo 
lluRsln ................ ,. 220, 000, 000 227, 020, 000 21'1., noo, ooo 108, 047, 000 

________ .. 
"•·-- --··--- ----· 

'.Cotn 1 outsi<lo of Buro po. 3841 ouo, 000 r.10, 801, ooo 403, 876, 000 fi05, 132, 000 
Scn·lii. ................... 4, 125, 001) 4, 257, 000 3, 850, 000 n, G47, 000 '-'.:;:~.~~::-=:.:;;-:::=.-:::- :: ·-·- --·~· __ : __ ..:.'= =-=;-.:: .. ·.-~ ~~-···-··--···-~ 
Spnln .................... llri, uOO, 000 110, 188, 000 110, 000, 000 oo, 32!, 000 Gmml totnL .... , ..... 1, fifiO, 700, 000 l, 7!!ti, 252. 000 1, 610, 7fi4, 000 1, 468, 72B, 000 
Sweden ................. 2, 337, 000 2,412, 000 2, 337, 000 2, 421, 000 

-----·-·-----·--· ·----·-----··· 
The following tn.bles, from tho same source as tlio l)receding, Rhow tho principa.l oxportiug and irn1iorting 

countries. It must be understood that many conntrios which one year import;, may m1othor year export whettt. 
Thus, Frn,uce, Germany, and Spain prorlnce sufficient wlleat for their consnmpt·.ion ou average years. When the 
crops aro exceptionally g·ood, they export; when ver.v s1wrt mid prioes rise, tlrn,y imporl;. 

In addition to the countries of the tables, India has of late grown co11siderablo wheat, some of which is 
exported. 

TADI,E XLVI.-PIUNCIPAL WHEAT-EXPORTING COUN'l'RIES. 

Oounklos. 

Unltocl Sfatos ....................... . 
Russia .............................. . 
Turkoy in lnuropo am1 Ronmnuln ..•. 
.Austrin-IIungary ................... . 
AnRtralll\ ........................... , 
C1tnMll\ ..•. , .................... : .. .. 
.Algeria ............................. . 
Egypt .............................. . 

Jlnshols oxporto<l on 
avomgo yoars. 

Sli, 000, 000 io 170, 000, 000 
•13, ooo, ooo to m, ooo, ooo 
14, 000, ooo to 20, ooo, ooo 
11, ooo, ooo to 17, ooo, 000 

3, 000, 000 to O, 000, 000 
3, 000, 000 tu 0, ooo, 000 
2, ooo, ooo f;o 3, ooo, 000 

2, ooo, ooo to a, ooo, ooo 

'!'ADLE XL VIL-PRINCIPAL WIIEAT-IMPOR'l'ING COUNTRIES. 

Countdos. 

Grent Tiritn!n , ...................... . 
Swltzel'ln.nd ......................... . 

!t11ly .•..•.•.• , ............. ·•···•··•· 
Belgium ............................ . 
N otherlands .............. , ......... . 

Bushels Imported on 
llVlltago J'Ol\l'B, 

lOV, 000, 000 to 130, 900, 000 
8, 000, 000 to 11, 000, ODO 

8, 600, 000 to 11, 000, ooo 
8, 000, 000 to 11, 000, 000 

3, 000, 000 to o, 000, 000 
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